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INTRODUCTION 


Over a considerable period, rambutan has acquired 
immense popularity as a seasonally available fruit in 
many countries of tropical Asia, and it is widely grown 
in both home gardens and commercial orchards. It is 
particularly popular in Thailand and Malaysia but, in 
countries which have only relatively recently adopted 
rambutan cultivation, it has a significant future as a 
domestic and export crop. 

Much of the recent data on rambutan production, in 
both the extension and research areas, is in the form of 
locally published papers, bulletins and leaflets which 
are not readily available to a wider readership. This 
Manual has therefore been written with the main 
objective of consolidating the available sources, 
including previously unpublished data, in rambutan 
production technology so that both existing and 
potential rambutan growers at all levels of production 
may have access to information on methods and 
techniques, the application of which can lead to a 
further increase in both the quality and quantity of 
rambutan production in the humid and sub-humid 
tropics. 


H.D. Tindall 
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FOREWORD 


The Rambutan CuUivation manual will be another welcome publication from The Plant 
Production and Protection Division of the Food and Agriculture Organization (FAO), 
Rome; the other being the Lychee Cultivation. 

The rambutan {Nephelium lappaceum L ) is a tree fruit native to the Southeast Asian 
region and is therefore found growing under various cropping systems in the region It 
is a popular fiuit tree grown among the mixed holding locally called the dusun in 
Malaysia or the home garden or perkarangan in Java. Indonesia and the Philippines 
also grow this fruit under almost similar cropping systems primarily for domestic trade, 
but tropical Australia is attempting to commercialise the production of this seasonal 
fruit, by taking advantage of its geographical position The eastern and upper region 
of Southern Thailand are by far the largest producer of rambutan, covering ore than 
60,000 ha and producing nearly half a million tons of fresh fruit. 

Although Thailand produces the largest amount, it is only confined to two commercial 
cultivars. On the other hand, Malaysia has probably the widest range of cultivars, both 
cultivated and wild. The Malaysian Agricultural Research and Development Institute 
(MARDI) has documented virtually all the existing cultivars found growing in 
Malaysia; some are highly suitable as fresh fruit, while others are for processing. 

Although this manual is mainly confined to the cultivation aspect, its compilation from 
various sources by the author is indeed commendable and timely It is timely when 
countries in the humid tropics, with all-year-round growing conditions, are trying to 
broaden their crop production systems Fruit such as rambutan may find its natural 
niche, when information as contained in this manual is made available. Although a 
large proportion is consumed fresh, it can also be processed into various products 
similar to lychee. 


TAN SRI DR. HAJI MOHD. YUSOF BIN H.ASHIM 
Director General of MARDI 
Serdang, Selangor 
Malaysia 

July 1992 
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FOREWORD 

Rambutan is not widely grown outside the South-east Asian region and Australia but 
has been cultivated in Thailand and Malaysia for a considerable period It is now one 
of the leading economic fruit crops of Thailand which is the major rambutan producing 
country in the world 

The selection of rambutan by the Food and Agriculture Organization as a subject for 
this Manual is a timely one since this exotic tropical crop has a high potential for 
international market development. A significant amount of research data and cultural 
details on this crop has been obtained from Thailand and Malaysia, the two countries 
where rambutan has been cultivated for many centuries Many of the sources of 
information of this nature are currently available only in regional publications 

The Thai scientists who have contributed to this manual have spent several years in 
detailed studies on various aspects of rambutan research and production and may be 
considered to be specialists on this crop 

The material presented in this publication is appropriately arranged and reflects the 
current state of knowledge on this crop. The text is well illustrated with relevant 
diagrams, graphs, statistical tables and photographs; a useful bibliography is also 
included. Anyone wishing to study this South-east Asian fhiit will find a great deal to 
interest them in this book, it will also be of considerable value to scientists in 
Universities and Research Institutes who are involved in tropical fruit production, to 
extension and rural development specialists and both commercial and small-scale 
growers in many regions of the humid tropics. 

In areas where rambutan is not at present widely grown, this publication may be of 
particular value to growers wishing to diversify their production 


Dr. Suranant Subhadrabandhu 
Professor in Pomology 
Department of Horticulture 
Kasetsart University 
Bangkok 
Thailand 

July 1992 
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SECTION 1 

THE PLANT AND THE ENVIRONMENT 
CHAPTER 1 

HISTORY, AREA OF ORIGIN AND DISTRIBUTION 

Historical Background and origin 

Rambutan (Nephelium lap/xjceum L.) is native to Malaysia and Indonesia and is a 
member of the family SapinJaceae, sometimes referred to as the soapberry family, 
probably due to the fact that Sapindus saponaria I., fruits can be used for making a type 
of soap. 

The family Sapindaceae includes about 125 genera and more than 1000 species of trees 
and shrubs which are widely distributed throughout the tropics and warm regions 
(Bailey, 1949, Merrill, 1923), 

The commonly used name of 'rambutan' is derived from the Malay word 'rambut', which 
means 'hair' and is in general use in Malaysia, Indonesia and the Philippines In the 
Philippines, local names such as 'usan', 'usau' or 'usare' are used. In Thailand, rambutan is 
called 'ngo' or 'phruan', and in Cambodia it is known as 'ser mon' and 'chle sao mao'. The 
Chinese name is 'shao tzu'. Alternative local names, used in various regions include 
'rambotang' and 'rambustan'. Other names used are: 'rambutao' (Spanish); 'litchi chevelu' 
(French) and 'ramboetan' (Dutch). 

Nephelium species are found growing in a semi-wild state in many tropical Asian 
countries, occurring in the lower or middle storey in various types of primary and 
secondary forest, ranging from relatively dry areas to swamp conditions 

Centre of origi n 

The centre of origin of rambutan, more southerly than that of litchi, is now almost 
untraceable but was possibly the Malay Archipelago, from where it spread westwards to 
Thailand, Burma, Sri Lanka and India The eastward distribution was probably to 
Vietnam, the Philippines, and Indonesia (Delabarre, 1 989a)(Figure 1) The species 
ranges from southern China, through the Indo-Chinese/Malaysian Peninsula, Indonesia to 
the Philippines (Van Welzen and Verheij, 1991). 

Cultivated forms 


Due to the combined effects of cultivation and selection, numerous cultivars have arisen 
and are being grown in many of the low-lying regions of tropical Asia The distribution 
of these ranges from Sri Lanka to Papua New Guinea and, on a more limited scale, in the 
low-lying humid tropics of America, including Colombia, Ecuador, Honduras, Costa 
Rica, Trinidad and Cuba (Morton, 1987). 
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Figure 1. Probable geographical distribulion of rambutan from the centres of origin to the areas of introduction (compiled from 
published reference data, some of which is incomplete) (Source: Delabarre, 1989a) 
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African introductions have also been on a small scale and some cultivars have been 
established in Lower and Central Zaire, South Africa, Mauritius, Madagascar and 
Zanzibar The earliest recorded introduction into West Africa, by French agronomists, 
dates from 1900. 

Early development and distribution 

Relatively few records exist of the early development of the rambutan as an edible fruit 
crop but more recent data on the introduction and distribution of seedlings and clonal 
material includes the following: 

Malaysia 

In Malaysia, the earliest cultivation of rambutan resulted from the spread of seedlings 
from the forest areas where the plant was indigenous, these seedlings were then 
subjected to a long process of selection The earliest records of cultivar trials date from 
1932, resulting in the registration, in 1952, of 32 clones by the Malayan Department of 
Agriculture (Whitehead, 1959). The selection was based mainly on seedling characters. 
By 1986, a total of 62 clones was registered, although only 7 of these were 
recommended for general planting throughout the country since many of the original 
clones were found to give acceptable yields only under specific environmental conditions 
(Hashim, 1980), 

Thailand 


The first recorded introduction into Thailand was made more than 100 years ago when 
plants were obtained from Malaysia and were established in Bangyeekhan, Bangkok. 
This selection, which was later established in the Chantaburi region, probably as a 
seedling, subsequently mutated and was given the cultivar name of 'Sccchompoo', or 
'Srichompoo', which means 'pink colour' 

Philippines 

Coronel (1983) has outlined the origin and distribution of rambutan in the Philippines, 
where it was recorded as originally growing in the wild state in the southern Philippines, 
particularly in the Palawan, Sulu and Basilan regions. The bulala (Nepheliiim 
phiUppense) was also probably associated with these wild forms. 

The first recorded introduction was made in cither 1913 or 1914 This introduction was 
in the form of seed of selected cultivars from Indonesia. Plants from these fruited 8-10 
years from planting All introductions made before 1924 were in the form of seeds. 

In 1939, budded plants from three outstanding cultivars from Jakarta, Indonesia were 
introduced by the Universiti Pertanian at Los Banos These cultivars were 'Seematjan', 
'Seenjonja' and 'Maharlika' and they became the parents of several seedling collections in 
the country. These cultivars are now grown on a commercial scale in many parts of the 
Philippines. 
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Australia 

Rambutan seedlings which are still growing in north Queensland were introduced in the 
1930s but none of these have been found to be useful cultivars 

In the early 1970s, several cultivars were introduced from Malaysia and. from 1974 up to 
the present time, the Queensland Department of Primary Industries has carried out a 
major introduction programme from Indonesia, Malaysia, the Philippines. Singapore and 
Thailand. 

Some 51 cultivars have now been imported or selected in Queensland and many have 
been subjected to screening trials (Watson, 1988). 
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CHAPTER 2 

ECONOMIC IMPORTANCE, NUTRITIONAL VALUE AND USE 
ECONOMIC IMPORTANCE 

Throughout West Malaysia and Thailand, rambutan is grown, in association with other 
fruits, in most villages or kampongs but it is also grown commercially as a sole crop 
Thailand has now become a leading producer of rambutan and in West Malaysia 
rambutan ranks approximately fourth in economic importance, after banana, durian and 
pineapple. In Indonesia, cultivation is mainly limited to low-lying areas of high rainfall in 
Java and Sumatra. 

Successftil introductions of rambutan into Australia, Burma, India, the Philippines and 
Sri Lanka have been followed by field experimentation and research and, in some 
instances, by commercial production. Some interest in rambutan production has also 
been developing in South Africa, Madagascar and Zaire in Central Africa, in Puerto Rico 
and Costa Rica in Central America, also in Hawaii, but production data from these areas 
are not readily available 

Areas and levels of production 

The following information on the economic importance of rambutan in some South-east 
Asian countries has been mainly adapted from Laksmi et a!. (1987). 

Malaysia 

The cultivation of rambutan, like most other fruit trees in Malaysia, is predominantly 
undertaken by smallholders in mixed orchards called "dusun” which usually do not 
exceed 2 hectares The system of planting is, however, gradually changing to intensive 
monocropping. Of the total cultivated area of 10,800 hectares (based on total sole crop 
equivalent) in 1976, about 16% was in monocrop orchards Accordingly, there has been a 
shift to the use of vegetatively propagated planting material, which produces shorter, 
spreading plants which are more amenable to monocrop harvesting and which come into 
bearing earlier than seedling plants 

In 1970, the area under production on a sole-crop-equivalent basis was estimated to be 
about 9,600 hectares. This increased to about 12,600 hectares in 1980 and 20,000 
hectares in 1984. Figure 2 shows the major rambutan producing areas in Peninsular 
Malaysia. Production is highest in Kedah state followed by Perak, Johore, and Kelantan 
Kuala Kangsar in Perak and Muar in Johore are the two most important rambutan- 
growing districts in the country (Mohd Yusof and Mohd. Arif, 1981) 

Indonesia 


Rambutan is an important fhiit crop in Indonesia where the fruit is canned as well as 
consumed fresh. The total area under cultivation in 1984 was 43,000 hectares with a 
total production of 148,(X)0 tonnes. 
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The major production areas are in Java and Sumatra About 60% of fruit production is 
from Java, 20% from Sumatra and the remaining 20% from other islands The major 
centres of production are shown in Figure 3, Most trees are planted in small backyard 
gardens which arc usually less than I hectare, although large-scale monocrop plantations 
have recently been established In volume terms, rambutan is the seventh largest fruit 
crop in Indonesia 

The planting of rambutan, in association with other fruit trees, has been suggested as a 
means of reducing the degradation of soils in Java, Indonesia where agroforestry and 
reforestation programmes are being introduced (Dijk, 1987) 

Although the rambutan industry in Indonesia is expanding, there are major impediments 
to the expansion of trade such as the predominance of small-scale cultivation, the 
seasonal nature of the tree, the existence of a large number of cultivars, improper post 
harvest handling practices, and the lack of a well-organized marketing system 

Thailand 

Rambutan is grown in all regions of Thailand, covering an estimated 60,000 hectares. 
Production in 1983/84 was 430,000 tonnes (Department of Agricultural Extension, 
1983/84) Commercial-scale production is found in the eastern and southern provinces 
which comprise 99.5% of the total area devoted to rambutan The major rambutan 
producing provinces are Chantaburi, Rayong, Trad and Prajineburi in the east, and 
Surarttani, Choomporn, Naratiwart, and Nakornsritummarart in the south (Figure 4). 

Philippines 

In the Philippines, the area under rambutan cultivation is approximately 5000 hectares. 
Production being insignificant, no national production statistics arc maintained by the 
Bureau of Agricultural Economics The fKiit is cultivated both in backyards and in 
orchards An orchard may vary in size from one to 10 hectares (Briones, 1980). 
Provinces where rambutan is grown on an orchard scale are Bukidnon, Cotabato, Davao, 
Laguna and Mindoro (Figure 5). 

Singapore 

The area under cultivation in 1973 was estimated to be about 900 hectares but this had 
been reduced to 700 hectares in 1981, due to urbanization There are few commercial 
orchards but most of the trees are grown in mixed farming enterprises There are mature 
trees, approximately 40 years old, still bearing good crops of fruit in some areas 

Costa Rica 

In Costa Rica, rambutan cultivation is relatively limited and is generally in association 
with cocoa, mainly as a shade and fruit tree when it may represent 34% of all shade trees 
established The revenue from these fiuit trees, which includes avocado, orange and 
banana, has been found to be most important in the farming economy (Jimenez et al. 
1988). 
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Figure 2. Rambutan-producing areas of Peninsular Malaysia (Source: Lam and 
Kosiyachinda, 1987). 




Figure 3. Rambutan-producing areas of Indonesia (Source: Lam and 

Kosiyachinda, 1987). 


Copyrighted material 



g 


Exports of fresh and processed Fruits 

Among the ASEAN member countries, only Malaysia and Thailand export rambutan. In 
the other Asian countries, production is sold in the domestic markets 

Malaysia exports rambutan to Singapore The quantity imported by Singapore from 
Malaysia tends to fluctuate as shown in Table I The fluctuation may be attributed to 
changes in production or demand for fresh fruit in Malaysia 

Table 1. Import of rambutan by Singapore from Malaysia 


Year 

Quantity (tonnes) 

Value (M$) 

1979 

700 

216,000 

1980 

300 

81,000 

1981 

400 

190,000 

1982 

800 

324,000 

1983 

800 

385,000 

1984 

500 

181,000 

1985 

2,600 

1,154,000 

1986 

2,000 

795,000 


Source: Annual Statistics of External Trade, Department of Statistics, Malaysia 

Thailand exports fresh and processed rambutan to Asian and European countries. The 
export of fresh rambutan does not play a major role in terms of foreign exchange 
earnings. Processed rambutan products, however, fetch more than 10 times the value of 
fresh rambutan exports. Tables 2 and 3 show Thailand's exports of fresh and canned 
rambutan. For the three-year period from 1981 to 1983, the value of exports for fresh 
rambutan was US$187,000, US$200,000 and US$179,000, respectively. For the same 
period the export value for canned rambutan amounted to US$1,140,000, US$2,500,000 
and US$2,430,000 respectively. 

Table 2. Exports of Thai fresh rambutan by country, volume and value 1981-1983 


Importing 

Volume (tonnes) 


Value (USS'OOO) 


country 

1981 

1982 

1983 

1981 

1982 

1983 

Hong Kong 

334 

384 

128 

132 

125 

97 

Malaysia 

8 

36 

- 

2 

1 

— 

France 

21 

53 

51 

12 

24 

25 

Netherlands 

18 

10 

17 

12 

5 

8 

Switzerland 

4 

4 

31 

3 

3 

13 

Others 

28 

36 

46 

26 

42 

36 

Total 

413 

523 

273 

187 

200 

179 


In 1984, the total fresh fruit exports from Thailand amounted to 340t, In 1985, this 
increased to l,169t, in 1986 to l,865t and in 1987 to 2.027t 
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Figure 4. RambuUn-producing Provinces of Thailand (Source: Lam and 



<50 


Figure 5. Rambutan-producing Provinces of the Philippines (Source: Lam and 
Kosiyachinda, 1987). 
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In 1984, the canned fruit exports from Thailand to Hong Kong, Singapore and Europe 
were in the region of 1.200t. (Joy, 1987) 


Table 3. Export value of canned rambutan from Thailand 1981-1984 


Product 

Value (USS’OOO) 
1981 1982 

1983 

1984 


Rambutan 

520 

800 

910 

1,440 


Rambutan stuffed with pineapple 

620 

1,700 

1,520 

1,740 



Source: Thailand Export Service Centre, Department of Trade Relations 
Other countries 

Relatively small volumes of fresh rambutan, in the region of 20-25 tonnes per annum, 
have been exported to Europe in recent years from Mauritius and Madagascar (Joy, 
1987), 

Future prospects 

The future prospects for rambutan production in tropical Asia are diflicult to assess, due 
mainly to the lack of recent production data, but it appears that in fhailand, which is the 
largest producer, the main future expansion will depend on an increase in the volume of 
exports, particularly canned fruits The regional markets for fresh fruits are nearing 
saturation and prices are relatively low' although exports of fresh fruits are likely to 
increase 

In Malaysia, replanting appears to be almost in balance with the removal of uneconomic 
orchards, in Indonesia, planting appears to be increasing. In the Philippines and 
Australia, the future prospects appear to be favourable since rambutan is a relatively new 
crop in these countries. An increase in yield, resulting from better orchard management 
and the planting of high-yielding and relatively low-growing, compact cultivars with an 
extended period of availability, could be obtained 

Improved postharvest techniques, particularly in the storage, handling and transport 
areas, could promote exports of fresh fruits In some countries, a revision of the 
marketing system could lead to an increase in the production and distribution of both 
locally consumed and export crops (Van Welzen and Verheij, 1991). 

NUTRITIONAL VALUE 

Seeds 

The composition and nutritional value of rambutan seeds has been partially investigated 
by Augustin and Chua (1988), who studied the potential use of Rambutan seeds as a by- 
product of processing 
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Analysis of the seeds of 3 clones: 'R4', 'R7' and 'R169' showed that they contained 11.9- 
14.1% protein, 37.1-38.9% crude fat (petroleum ether extract method), 2 8-6.6% crude 
fibre and 2. 6-2, 9% ash on a dry weight basis The seeds also contained 34.1-34.6% of 
moisture The amino acid profile of the seed protein showed that the protein was of a 
good quality. 

Fruits 


On a fresh weight basis, rambutan fruits are composed of 47.5 percent skin, 46.1 percent 
aril and 6.3 percent seed (Ng and Thamboo, 1967). The seeds contain an edible fat which 
is 37 percent of the dry weight of the seed This fat is hard and white at room 
temperature, melting to a yellow, aromatic oil at 40-42°C (Georgi, 1922) and has been 
reported to contain 34 7% of arachidic acid and 42.5% of oleic acid, it can be used in 
cooking and in the manufacture of soap 

Fruit characteristics of rambutan grown in .Australia have been reported by Watson 
(1984) and some of the main tree and fruit characteristics are given in Table 4. 

Table 4. Characteristics of fruit, aril, pericarp and seed of rambutan fruits at mature 
stage 


Cultivar 

Tree 

Size 

Fruit 

Pericarp 

colour 

Mean 

Fruit 

'Vt(g) 

Mean 

% 

aril 

by wl 

Mean 

% 

peri- 
carp 
by wt 

Mean 

% 

seed 

wt 

Brix 

* 

R3 

medium 

red 

36 

41 

52 

7 

22.5 

R4 

large 

red/crimson 

26 

36 

58 

6 

18 6 

R156 

medium 

yellow/orange 

35 

56 

39 

5 

19.9 

R168 

large 

crimson 

35 

37 

56 

7 

20.5 

Seechompoo 

small 

orange 

42 

44 

50 

6 

19.0 

'Winkef 

large 

red 

48 

33 

61 

6 

20.0 

'Stephens T 

large 

crimson 

45 

40 

53 

7 

21.0 


*NB Fruit not harvested in same month and thus variation may be due in part to time of 
year. 

Rambutan cultivars grown at Kamerunga Horticultural Research Station, Queensland, 
Australia 

Source: Watson (1984) 

Relatively few studies on the basic chemical composition of rambutan fruits have been 
carried out, although the following constituents of fresh fruit have been quoted by 
Watson (1984) 
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Components of fresh fruit per lOOg of aril: 


Water 83g 

Calorific value 63 cals 

Protein (Nx6 25) 0 8g 

Total carbohydrate 14 5g 

Fat trace 

Calcium 25.0 mg 

Iron 3 mg 

Vitamin C 20-45 mg 


However, Ylagan (1961), who investigated fresh fruits of some Philippine cultivars, stated 
that the vitamin C content could be as high as 184 mg per 100 g of the edible portion 

The vitamin and mineral composition of the aril of rambutan has been also reported by 
Lam and Kosiyachinda (1987) in the following tables, based on work by Tee (1982) and 
Wills, Lim and Greenfield (1986). 

Table 5. Composition of rambutan per lOOg edible portion 



(g) 


(mg) 



Water 

82.1 

c 

Niacin 

0.5 

C 

Protein 

0.9 

c 

Carotene 

0 

c 

Fat 

0.3 

c 

Phosphorus 

0 

c 

Ash 

0.3 

c 

Calcium 

15 

c 

Glucose 

2.8 

b 

Iron 

(0,1 

b 

Fructose 

3.0 

b 


(2.5 

a 

Sucrose 

9.9 

b 

Vitamin C 

70 

c 

Starch 

0 

b 

Thiamine 

0.01 

C 

Dietary fibre 

2 8 

b 

Riboflavin 

0.07 

c 

Malic acid 

0.05 

b 

Potassium 

140 

c 

Citric acid 

0.31 

b 

Sodium 

2 

c 

Enerav 

297 kJ 

b 

Ma.gnesium 

10 

c 


Sources: a: Tee (1982) 


b: Wills, Lim & Greenfield (1986) 
c: Mean of data from a and b 

Relatively few other studies on the basic chemical and vitamin composition of rambutan 
fruits have, however, been published. Other research workers have concentrated on the 
determination of the total soluble solids (TSS), titratable acidity (TA), total starch and 
dry matter content, all of which are directly relevant to the ripening process. 

The changes in these fruit components during ripening have been studied by Fortuna and 
Ramos (1983). The cultivar used was 'Seematjan', one of the most popular cultivars 
grown in the Philippines, originating in Indonesia They examined the changes which 
occurred 12-16 weeks from fruit set and the TSS, TA, total sugars, total starch and dry 
matter content were determined at each sampling period 
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They found that fruits with a total soluble solids (° Brix) content of I7.96B were ready 
for harvesting as early as 13 weeks after fruit set At the sixteenth week, the mean TSS 
was 20 03B. Titratable acidity was highest during the twelfth week after fruit set but 
decreased rapidly thereafter. The increase in TSS was accompanied by a decrease in TA, 
resulting in an increase in the TSS:T.\ ratio as the fruits matured The total sugar 
content increased from the twelfth to the fourteenth week and decreased thereafter up to 
the sixteenth week. The total starch content followed a decreasing trend, from 4 25% 
during the twelfth week to 0 44% during the sixteenth week The amount of dry matter 
increased from the first to the final, sixteenth week, sampling period These results are 
summarized in the following table: 

Table 6. Summary of chemical changes in ripening rambutan fruits 


Fruit 

Age 

(Weeks) 

Total soluble 

Solids 

(°B) 

Titratable 

Aciditv 

(%) 

TSS/TA 

(%) 

Total 

Sugars 

(%■) 

Total 

Starch 

(%) 

Dr)- 

Matter 

12 

12.86 

117 

13.39 

33.56 

4.25 

18 54 

13 

17.96 

0.51 

35 15 

43.81 

2.20 


14 

19.36 

0.52 

37.17 

4643 

148 

22.61 

15 

19.77 

0.49 

40 04 

45.54 

0.76 

23.56 

16 


0.48 

41.22 

45.53 

044 

23.90 


Source: Fortuna and Ramos (1983) 

Several cultivars of mature rambutan have also been studied for their TSS, TA and pH 
contents and the following table (Lam and Kosiyachinda. 1987) shows the variation of 
these constituents in selected cultivars 

Table 7. Chemical composition of some cultivars of mature rambutan 


Cultivar 

TSS(%) 

TA(%) 

pH 

Binjai 

18.0 

0.19 

4.33 

Jitlee 

192 

0.27 

4 6 

Lebakbulus 

17.0 

040 

4.25 

Maharlika 

20.4 

0.42 

— 

R3 

19 7 

023 

— 

R134 

21.1 

- 

„ 

RI62 

20.1 

- 

— 

Rapiah 

17.2 

007 

5.33 

Rongrien 

200 

0.30 

4.26 

Seechompoo 

19 0 

0 18 

4.50 

Seematjan 

17.9 

0.35 

-- 

Seenjonja 

19 5 

0.55 

- 


Source: Kosiyachinda, Laksmi, Lam, Mendoza and Yong. Unpublished data 
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Very few studies on the nutritional value of rambutan in the daily diet have been 
published but nutritional tests on Thai adults were reported by Mongkolsirikieat el a! 
(1989), using rambutan as a supplementation to the diet, to determine the 
hypocholesterolemic effects. The normal diet of both male and female adults was 
supplemented by 400-500g of rambutan fruits for a period of 4 weeks Serum 
cholesterol and HDL-cholesterol were determined before, during and after the treatment 
It was observ'ed that only the female adults exhibited a significant decrease in serum 
cholesterol and HDL-cholesterol as a result of the dietary supplementation but the effect 
was no longer observed 3 weeks after the termination of the treatment 

USE 

Fresh fruits 

A high proportion of rambutan fruit is eaten in the fresh slate, the aril being mixed with 
other fruits to prepare salads 

The consumer of fresh fruits shows a preference for fruits of good appearance and the 
size and colour of the fruits are important factors in this choice. The aril or edible 
portion of the fruit should constitute a high proportion of the total fruit weight, it should 
also separate easily from the seed coat and have good flavour and texture. Cultivars with 
a sour taste are normally stewed or may be used for making jams 

Processed fruits 

Some rambutan cultivars are suitable for canning and canned fruits are produced in 
Malaysia and Thailand, thus extending the period of consumption other than during the 
local fruiting seasons For processing, the fruit should have a small seed, thin skin and a 
thick, easily detached aril which should be firm and able to withstand processing 
operations without losing flavour and appearance (Lam and Kosiyachinda, 1987) Brix 
readings for ripe fruit normally range from 14 to 20° but a sugar solution is normally 
added during the processing operation. 

Fruit for canning in Thailand is purchased on the basis of minimum size, not on cultivar 
or aril peeling characteristics (Watson, 1984). 

Data on frozen rambutan fruits are not available. 

Domestic use 

Rambutan fruits are used for making jams and jellies and the seeds are sometimes 
roasted The seed kernel can be used for the production of rambutan tallow, a solid fat 
similar to cocoa butter, this fat is edible and can be used in making soaps and candles 
The seeds are edible, after roasting, but are bitter and have narcotic properties 

The wood of the rambutan is hard, heavy, red to reddish-white and is very durable It is 
used in building construction although it is liable to split during drying. 
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Medicinal Uses 

The fruit may be used as an anthelmintic and the roots are used in decoctions for the 
treatment of fever. The bark is used for treating diseases of the tongue and the leaves 
are used in poultices for the treatment of headaches (Burkill, 1935), The skin of the fruit 
contains a toxic saponin but in Java it is dried and used as a medicine. Both young leaves 
and fruit skins are used in Malaysia as dyes. 
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CHAPTER 3 

BOTANY, PHYSIOLOGY, GENETICS AND CLLTIVARS 


BOTANY 

Nomenclature and ta xonomy 

Several botanical names were originally used for rambutan. including Nephelium 
glahnim Cambess, N. chryseum Blume and N. suffernigiiieiim Ralk., but these synonyms 
are now rarely used Three botanical varieties of Nephelium lap/mceiim have been 
identified mainly, on the basis of variation in leaflet characteristics (Van Welzen and 
Verheij, 1991) These varieties are 

var kip/xiceiim Leaflets are widest above the middle, midrib sparsely pilose 
below, nerves strongly curved 

This variety is distributed in Thailand, Malaysia. Indonesia, Borneo and the 
Philippines and is common in cultivation 

var /Hillen.s (Hiern.) Leenh Leaflets are widest at or below the middle, the 
midrib is usually glabrous below and the nerves are slightly curved The 
distribution ranges from China, Thailand, Laos, Cambodia, Vietnam, Malaysia, 
Indonesia (Sumatra), Borneo and the southern Philippines 
var_ xanthiaiJes (Radik ) Leenh. The leaflets are widest at or below the middle, 
the midrib is shortly hairy below and the nerves are slightly curved Distributon 
appears to be limited to Borneo 

Related genera 

The rambutan has many botanically related genera within the family Sapindaceae which 
also produce edible fruits These include the litchi, or lychee, I.itchi chhiensis Sonn , 
longan. Euphoria lonyaiia Lam. (Dimocarpus Ionian Lour ); alupag, cJiJyma 
Blanco., akee. Blighia sapU/a Koen., mamoneilio, Melicoccus bijugatus Jacq.; kubili, 
Cuhilia hkuwoi Blume; aglano HeJyachras philippiueusis Radik., kalayo, Erioglossiim 
rubiginasum Blume, kumingi, Lilchi phiUppiueuse Radik, lunao, Olophoni frulicosa 
Blume and siday, Ponieiui piimala For. (Bailey, 1949, Galang. 1955, .Mendiola, 1941; 
Merrill, 1923; Monsalud el a)., 1966; Ochse el a], 1961, Rodrigo, 1976 and Wester, 1921) 

Related sp ecies 

Closely related species within the genus Nephelium include N. miitabile Blume, now 
known as N. ramhouian-ake (Labill.) Leenh , the pulasan or kapulasan; N. eriopelalum, 
also known as N. cuspidatum Blume, the lotong or gompal benang; N. malaieiise GritT, 
mata kuching; N. philippeme, (N. imermedium Radik.) the bulala, N. exio.spermoides 
Radik., aluoa; N. maingayi Hiern; N. chry.seum Blume. N. robustum Radik (Brown, 
1954, Galang, 1955; Mendiola, 1941) and N. hyfX)leucum which is grown in Thailand The 
fhiits of the lotong (N. cuspidatum) resemble those of rambutan but the habit of the tree 
is different It has a longer trunk, the leaflets are large, drooping with a hairy upper 
surface Pulasan (N. mulahile) has a similar habit to rambutan but the fruits differ in that 
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the spinterns are short and stumpy, unlike those of rambutan which are long and filiform 
(Van Welzen and Verheij, 1991). The bulala {N. pliWppineiise) has shorter spinterns than 
rambutan and is sometimes sold in Philippine markets. 

The last three species mentioned are found growing in many countries of tropical Asia, 
including Borneo, Burma, Indonesia, Kampuchea, Malaysia, the Philippines and 
Vietnam. 

Botanical characteristic s 

The botanical structure of the rambutan has been studied in detail by many botanists and 
is well described in the literature Van Welzen et aj (1988) have given a comprehensive 
account of the edible Sapindaceae in Sabah, and Salma (1986) has detailed the botanical 
characteristics of cultivars of rambutan, all of which are illustrated The major 
characteristics of this evergreen member of the Sapindaceae can be summarized as 
follows: 

1. Tree size and form 

Under normal conditions, seedling trees grow from l2-20m high, with a canopy width of 
approximately two-thirds of the height Clonal trees are much smaller, growing to only 
4- 12m high The trunk diameter may vary from 40-60cm The bark is dark, grey-brown 
in colour. The branches, which form a relatively compact crown, are covered w'ith 
numerous lenticels The secondary' branches arc grooved and are finely wrinkled, with a 
reddish pubescence 

Plants of seedling origin have a mainly erect habit with a straight trunk and a dense, 
relatively compact branch structure. Cultivars which have been vegetatively propagated 
may have either erect or lax and spreading forms; budded trees, compared with grafted 
trees, develop wider crotch angles and a more spreading habit (Watson, 1988) Clonal 
cultivars are generally less vigorous than seedling forms 

2. Ro ot system 

The roots do not penetrate deeply into the soil although the main taproot may extend to 
several metres, most of the lateral roots are found growing relatively near to the soil 
surface. Seedling trees have relatively vigorous roots, compared with those of clonal 
cultivars. 

3. Leaf structure (Figure 63 

The leaves are petiolate, alternate and pinnate, with two to four pairs of leaflets arranged 
alternately or sub-opposite on the rachius The lack of a tenninal leaflet is a 
distinguishing characteristic of the genus NepiKliiim (Comer, 1952). The somewhat 
leathery leaflets are ovate or elliptic and coriaceous, measuring S-28cm x 2-10. 5cm; the 
apex may be truncate to acuminate The nerves are slightly or strongly curving, with 
either scalariform or reticulate veins 
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Plate I. Piilasan (Sephelium miitabile) 
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Plate 2. 

Kaiiibulan orchard 
Chaiitaburi, Thailand 


Plate 3. 

\bun)> tree, 

approximately 8-10 years 
old, Thailand 


Plate 4. 

^’niiii!> trees, Malaysia 
approximately 6-8 years 
old 
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Plate 5. 

Mature tree, eultivar 
'Seeehomp(M), friiitiii)j 
stage, riiailancl 


Plate 6. 

I.eaf structure and 
arrangement 


Plate 7. 

idling inflorescenee and 
de> eloping shout. 
eultivar'Kongrien' 
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The leaflets are smooth and green above and pale green and glaucous on the lower 
surface The petioles are thick, from 0 4-1 0cm long. The young leaves are soft, light 
green or pink The rachis is stout, rounded, red-brown in colour and is strongly 
thickened at the base, initially pubescent but becoming glabrous later The rachis length 
may vary from 7-30cm. 

4. Flower structure (Figure 6) 

Inflorescence 

The inflorescences of rambutan are erect, widely branched, bearing many flowers, and 
are produced mainly on shoot tips although pseudo-terminal panicles also occur The 
flowers are either male, with only the stamens being well developed, or hermaphrodite 
The hermaphrodite flowers may be either basically female, with small stamens and 
anthers which do not dehisce or male, with undeveloped stigmas. 

Valmayor et a] (1970) classified trees into 3 groups, according to their flower 
characteristics: 

(a) Male trees, producing only staminate flowers These are usually 40-60% of any 
seedling population. 

(b) Trees producing hermaphrodite flowers which are functionally female. 

(c) Trees producing hermaphrodite flowers, some of which are functionally female 
and some are functionally male This type of tree is most commonly found in 
cultivar selections, the percentage of male flowers is low and may be in the range 
0.05-0.9%. 


The male flower 

The male flower is borne on male trees which are not productive. The flowers are borne 
in clusters on terminal panicles of about 30cm long. They are greenish-yellow without 
any petals All parts of the flower, except the yellow nectaries are covered by a fine 
pubescence There is no fiinctional ovary and flowers with 5, 6 and 7 stamens are found 
in each panicle. The yellow nectaries form a ring around the base of the rudimentary 
ovary. Each flower measures approximately 5mm across by 2mm high when fully 
opened The flowers are arranged in an anticlockwise spiral along each inflorescence and 
at each node there may be between 7-9 buds The central bud is the largest and opens 
first, followed by those on the outermost sides, while the youngest buds are next to the 
central bud 

There may be between several hundred to approximately 5,000 buds on a male panicle 
An average sized panicle has approximately 3,000 buds, and at the peak of its blooming, 
up to 500 flowers may open per day 

The hermaphrodite flower 

The hermaphrodite flowers are borne on similar terminal panicles to those of the male 
flowers. Each panicle may contain approximately 200-800 flowers. An average 
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Figure 6. Botanical characteristics of rambutan (After Coronel, 1983) 

a. Staminate flower from a male tree; b. Hermaphrodite flower functioning as male; 

c. Hermaphrodite flower functioning as female; d. Rambutan - flowering habit; e. Rambutan - fruiting habit; 
f. Section of fruit; g. Seed. 
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panicle may bear approximately SOO flowers and, at peak blooming, approximately 100 
flowers may open each day. Hermaphrodite flowers are arranged in a similar manner to 
the male flowers but with only 3-5 buds being produced at each node The greenish 
yellow flowers are apetalous but the predominantly female flowers have a well developed 
bilocular ovary topped by a bifid stigma Flowers with unilocular or trilocular ovaries 
with the corresponding number of stigma lobes are occasionally produced Six well 
developed stamens arise from the base of the ovary but these stamens are non-dehiscent 
All parts of the flower, except for the yellow nectaries, are also cosered with a fine 
pubescence. Each flower is approximately 5mm tall and 4mm wide (Chin, unpublished 
data). 

5. Fruit structure 

Rambutan cultivars are mainly distinguished by their fruit colour which varies from 
various shades of red to yellow, as well as by the thickness and quality of the edible pulp 

Fruits are produced in terminal, loose clusters of 10-13 fruits. The fruit is classified as a 
nutlet, and is globose to ovoid in shape In some cultivars, such as 'Maharlika' a second 
nutlet develops as a small tubercle near the base of the main nutlet Fruit size, excluding 
the pliable spines, commonly referred to as 'spinterns' ranges from 30-80mm long by 25- 
50mm wide. The skin or pericarp is 0.2-0. 4mm thick and is covered with closely spaced 
tubercles, each terminating in a soft, pliable spintern of variable length 

The edible aril, sometimes referred to as the sarcoiesta, is translucent white to yellow- 
white, the aril thickness varies from 8-l5mm The flavour of the aril may vary from very 
sweet to distinctly acid, the juice content also varies The aril adheres to the seed coat 
which may or may not separate easily from the seed. Fruit weight varies from 20-60g, of 
which the aril weight is 30-58%, the pericarp 40-605o and the .seed 4-9%. Most cultivars 
have a high ascorbic acid content (Watson, 1984). 

6. Seed stru cture 

Although the rambutan flower is structurally bicarpellate, only one carpel normally 
develops, bearing a single seed. This is oblong or elliptic ovoid, flattened, 20-3 5mm long 
and 12-22mm wide (Watson, 1984). 

PHYSIOLOGY 

Relatively few studies have been undertaken on the general physiological changes which 
occur during the development of the vegetative parts of the rambutan tree but more 
extensive work has been carried out on the development of flowers, seeds and fmils, 
particularly in Malaysia, Thailand and the Philippines. 

Veuetative urowth 

Trees grown from seed normally come into bearing after 5-6 years but budded trees may 
fruit after 2-3 years, with optimum production being obtained after 8-10 years Growth 
during the seedling stage follows a pattern of alternating rapid and slow growth; Buisson 
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(1986) has detailed the growth pattern and tree architecture of the young rambutan tree 
(Figure 7). In the early stages of development, up to 6 months of age, growth is 
alternately rapid and slow Between 6-12 months, extension growth continues to be 
rhythmic and may virtually cease at intervals, resulting in the formation of several short 
internodes Numerous axillary buds are produced on the young branches, sometimes 
inhibiting the development of the terminal buds This phase is followed by a recovery of 
the terminal bud activity which then resumes dominance while the axillary buds remain 
more or less inactive 

The lower branches tend to be more vigorous than the upper ones and sometimes one of 
the lateral shoots will assume dominance over the terminal shoot, showing an 
orthotrophic (vertical) type of growth Other previously orthotropic branches develop 
laterally so that the overall growth is sympodial, with several more or less equally 
developed branches (Figure 7), 

The degree of synchronization of flushing and flowering within an orchard varies widely 
Even in typical monsoon climates, such as those in Chantaburi, Thailand, it is not unusual 
for several trees in an orchard to be out of phase This significantly complicates orchard 
management and means of ensuring better synchronization would be of considerable 
benefit to growers (E. Verheij, personal communication). 

The development of terminal inflorescences inhibits further extension development of the 
main axis, leaving the lateral shoots on branchlets which have fruited to continue further 
shoot formation (Van Welzen and Verheij, 1991), Most vegetative growih, both lateral 
and terminal, occurs during the rainy season, after the harvest The most vigorous of the 
shoots which are formed early in the crop cycle are likely to flower to produce the 
following crop 

Reproductive Development 

Flowering behaviour 

In Malaysia, the rambutan flowers seasonally twice a year during the months March-May 
and August-October, usually in response to a period of dry weather followed by 
occasional showers Local weather conditions and the status of the stored food reserves 
within the trees have a strong influence on the flowering and fruiting of the rambutan 
(Whitehead, 1959). Of the two seasons, one is normally a major fruiting season although, 
in poor years, no major harvests may be obtained. In poor years, many trees fail to 
flower the second season, indicating the lack of stored food reserves and possibly an 
unfavourable carbohydrate/nitrogen ratio Endogenous hormone levels are also assumed 
to undergo a significant change prior to the onset of flowering, including; abscisic acid 
levels increase in concentration, indole acetic acid oxidase activity increases, leading to 
reduced auxin transport Endogenous gibberellic acid activity may decline and ethylene 
synthesis may be stimulated (Muchjajib, 1988). 

Among the many rambutan clones, some are early season while others are late season 
bearers In Malaysia, the many differing micro-climates also infuence the flowering and 
fruiting periods, so that fruits tend to be available throughout most of the year, except 
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Figure 7. Growth pattern of seedling rambutan trees (Delabarre (1989a), after 
Bouisson (1986)) 

(a) Young plant less than one year old, showing internodal grow th zones 
which gradually reduce in size. 

(b) Terminal shoot during First season of growth. Flower buds have 
developed on terminal and axillary shoots and continue growth until the 
growing point reduces its activity. 

(c) Apical shoot of young tree showing well developed lateral branches. The 
initial growing point has lost its dominant role and has been replaced by a 
lateral branch system. 


Copyrighted material 




26 


for the months March to May (Whitehead, 1959). F.ach flowering season may span 5-15 
weeks with late-bearing clones coming into flower much later During a major season 
almost all trees in an orchard come into flower, bearing large terminal inflorescences at 
every branch and twig while, during a minor season, a relatively few trees come into 
flower, each bearing a few weak panicles (Chin, unpublished data) 

Floral development 

The development of the shoot apex and the initiation and subsequent growth of the 
rambutan flower has been studied in detail by Muchjajib (1988) In the Philippines, 
Palencia (1967) and Valmayor et al. (1971) have also described the growth and 
subsequent flowering behaviour in the cultivar 'Seenjonja'. New vegetative flushes are 
produced soon after harvest and, on shoots which have already borne fruits, these flushes 
are produced by lateral shoots situated below the desiccated panicles Approximately 
four lateral shoots are produced by each twig 

On shoots which have not previously borne fruits, new flushes arise from the terminal 
buds only The rate of growlh slows during dry weather and flowering normally begins 
early in the rainy season Of the new shoots formed on previously non-bearing twigs, 
about 57% produce flowers and fruits the following year and, on previously bearing 
twigs, only about 22% produce flowers (Van Welzcn and Verheij, 1991). 

Flowering se quence 

The sequence of flowering of the diflerent flower types in a panicle has also been studied 
in the Philippines by Aycardo (1967) and Valmayor et a! (1971) and in Sabah by Van 
Welzenet al(1988). 

In the cultivar 'Seematjan', only hermaphrodite functionally female flowers are produced 
throughout the flowering period while, in the cultivars 'Maharlika' and 'Seenjonja', both 
hermaphroditic functionally female and hermaphroditic functionally male flowers are 
produced in the same panicle About 99.94% of the flowers in the 'Maharlika' panicle are 
functionally female, the rest are functionally male In the cultivar 'Seenjonja', the 
percentage of functionally female flowers is about 99.55%. 

Once flow'er buds have been initiated, the flower passes through several developmental 
stages, resulting in the production of the mature fruit These phases have been described 
in detail by Phoon and Chin (unpublished data), as follows. 

Anthesis 

Male flowers 

The absence of petals obscures the process of anthesis. The first sign of anthesis in the 
male flower is the opening of the calyx This progresses very slowly, requiring about 3 
hours for completion on a fine sunny morning but anthesis takes much longer if it occurs 
towards the latter part of the day. Anthesis of the flowers is a continuous process with 
the majority of flowers opening during early morning at about 0700h, while some flowers 
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continue to open throughout the day Flowers which commence anthesis at about I600h 
will fail to complete opening until dawn the following day As a result, the majority of 
the male flowers are presented during the morning. Opened flowers do not wilt but 
abort after the stamens have shrivelled, on the same day. The spent flowers drop 
throughout the day and night assisted by the wind swaying the tree branches 

Hermaphrodite tfemalet flowers 

Anthesis of the hermaphrodite flower is even more obscure At the bud stage, the stigma 
protrudes above the calyx and it elongates as the bud matures The stamens are also 
visible in the mature bud At anthesis, the calyx opens and the bifid stigma recurves, 
exposing its smooth whitish-green receptive surface and the stamens elongate On 
completion of anthesis the bifid stigma is coiled backwards and the yellow nectaries are 
exposed As in the male flowers, the hermaphrodite flowers open throughout the day 
with the majority opening during the morning At each node on the inflorescence, the 
central and largest buds open first, followed a day or two later by the pair on the 
outermost sides The smallest buds in between usually fail to develop into flowers The 
opened flowers usually persist on the panicles for 7-10 days if insects arc excluded. The 
stigma remains receptive for a day, becomes dull on the second day and later turns from 
brown to black. 

Nect ar secr etion 

Nectar secretion in the flower for both sexes begins at anthesis By the time the nectaries 
are exposed, the nectar appears as a shiny viscous liquid, forming a band around the base 
of the flower. For the flowers which fail to open completely by about 1600h, nectar 
secretion is delayed until the next morning. . At dawn, nectar secretion increases and by 
0800-0900h the shiny nectar can be clearly seen This results in the exposure of the 
nectar from a large number of opened flow'ers which is very attractive to insects. 

Nectar volum e 

Since rambutan flowers open throughout the day, the nectar values, (ie. volume and 
concentration) among flowers are expected to be highly variable because of age 
differences Secretion and absorption rates are known to vary with flower age and time 
of day (Percival, 1962; Luttge. 1961). Hermaphrodite flowers secrete twice to three 
times the volume and the weight of sugar of male flowers. The nectar concentration 
does not vary much between hermaphrodite and male flowers, but it varies from day to 
day, due to daily climatic variations 

Anther dehiscence 

Male flowers 


Dehiscence begins early in the day and is completed by the early afternoon The anthers 
split longitudinally, exposing a mass of silvery white pollen grains. The average number 
of pollen grains per anther is approximately 900 grains The anther turns brown soon 
after completing dehiscence A single male flower with six stamens is estimated to 
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release approximately 5,400 pollen grains and an average sized panicle with 3,100 flowers 
will therefore produce 16.7 million pollen grains during the flowering season 

Hermaphrodite (Female) flowers 

The anthers of the hermaphrodite flower do not dehisce. They turn brown on the second 
day after anthesis and later dry up while the filaments shrink, the hermaphrodite flowers 
are therefore functional females only 

Pollination 

The absence of free pollen on the anthers of the hermaphrodite flowers suggests either 
the need for pollen transfer from the male tree for fertilization or that the hermaphrodite 
tree is capable of apomictic fruit formation. 

In Queensland, Australia, isolated trees or groups of trees of a cultivar with low 
functional male hermaphrodite flowers, such as 'Seechompoo' rarely set fruit 
satisfactorily. However, in mixed cultivar plantings with no male trees, pollination 
problems do not occur if there is an overlap in the flowering periods of the various 
cultivars (Watson, personal communication) 

Natural self-pollination 

Rambutan flowers do not show any signs of growth for 3-4 weeks after anthesis and, 
during this period, the 'flowers' drop continuously From the third to the fourth week 
onwards, the ovaries of some flowers begin to enlarge Vary rarely do both locules of 
the ovary enlarge 

The long period of inactive growih which occurs after anthesis of the hermaphrodite 
flower is an indication that the rambutan may possibly be capable of faiit-set without 
pollination 

Natural open pollination 

Fruit set under natural open pollination has been observ'cd to be 22.3% at two weeks 
after anthesis At the fourth and sixth weeks only 2.2% and 12% of young fruits were 
retained respectively, indicating a very high abortion of the fruits Salma (1983) 
estimated the general level of fruit set to be about 1-3% of the flowers in a panicle and 
Sasipalin and Sompee (1964) reported that, in the cultivar 'Seechompoo', the level was 
about 0 54%. 

It may therefore be concluded tliat the rambutan flower is possibly apomictic This 
would account for the good faiit-set which can be obtained in orchards during the major 
season, despite the absence of free pollen grains on hermaphrodite trees and the absence 
of male trees 
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Insect pollinators 

Many insects visit rambutan flowers The main pollinators are flies (Diptera) and bees 
(Hymenapiera). Among the Diptera, LudUia sp. are abundant, particularly when the 
orchards are situated near manure heaps or poultry farms A very high density of flies, 
up to 20-30 per panicle, may be observed collecting nectar throughout the day. Among 
the Hymenoptera, honeybees (Apis cmimt, A. Jorsala and A. angleiufonnis) and 
stingless bees (Trigona spp.) arc major visitors, Their abundance is correlated with the 
vicinity of nests within and around the orchards The visiting pattern of bees shows a 
peak during the morning hours when nectar and pollen are being actively collected by the 
bees (Van Welzen et al (1988) By noon very few bees are observed visiting the flowers 

Vigorous bee colonies of A. cerana can produce several kilogrammes of honey per hive 
if they are introduced into the orchards during the flowering season. 

Modification of sex expres sion in ilowers 

In some producing areas, particularly Thailand, plant growth regulators are used to 
promote the production of pollen This may be necessary where male flowers have been 
intentionally removed, leading to a shortage of pollen to fertilize the hermaphroditic, but 
predominantly female flowers The use of naphthalene acetic acid (NAA), applied as a 
spray to approximately 10% of the panicles on a tree, before most of the buds open, can 
induce some otherwise indehiscent stamens to develop and release sufficient pollen to 
effect fertilization (Chapter 8). It also appears possible that NAA may promote a change 
in flower characteristics by inducing the production of male functional stamens, not only 
the release of more pollen (Watson, personal communication) The normal rate of 
application of NAA is 40-60mgd applied to the flower buds before flowering begins 
(Tongumpai el al, 1980). 

Fruit gr owth and develop ment 

Of the two carpels which result from the final stages of flower development, one is 
normally abortive, although it remains attached to the mature fruit The carpels develop 
into one, or occasionally two, fruits in a period of 13-16 weeks (Salma, 1983, Wanichkul 
and Kosiyachinda, 1982) The stigma is initially brown and the potential spinterns appear 
as small protuberances. These grow in length as the ovary develops and, after a period 
of about 6 weeks, develop into light green hairs. At the time of fruit set, the pistil and 
the sepals gradually dry out, the stamens subsequently fall or may remain attached to the 
developing ovary. 

The subsequent growth of the fruit has been described in detail by several authors, 
including studies on the cultivar 'Seechompoo' by Wanichkul and Kosiyachnda (1982); 
other cultivars were investigated by Fortuna (1982) and Salma (1983). In Queensland, 
Australia, Watson (1988) observed that the mean fruit weight could vary as much as 
50% from season to season, mainly due to variation in total crop load The various 
changes which take place in fruit size and weight, spintern growth and fruit colour may 
be summarized as follows: 
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Fruit dimensions and weiaht 

The shape of the fruit immediately after fertilization has occurred is almost circular but 
the length subsequently increases more rapidly than the width or thickness. The greatest 
increase in weight occurs during the later stages of growth (Fig 8), with the growth 
curve being approximately sigmoid. 

For cultivars other than 'Seechompoo', Fortuna (1982) and Salma (1983) found that the 
growth in length was slightly more rapid than the growth in width The fruit becomes 
fully mature about 15 weeks after fruit set, measuring approximately 50 x 30mm 

In the cultivar 'Seechompoo', fhiit length, width, thickness and weight increase during 
the period 10-31 days after the fruit colour changes from green to yellow-green, yellow, 
yellow-orange or red. depending on the cultivar (colour break) At 31 days from colour 
break, fruits are generally fully mature (Fig. 9). 

The most rapid increases are in fruit length and fruit weight 

Rind ch aracters 

Rind weight increases substantially at all stages of maturity, while rind thickness 
increases slowly up to the 8th week, subsequently showing only a minor change (Fig 9). 

Sointem length 

This increases at a rapid rate, up to about the 6th week, after which it remains relatively 
constant. The spinterns at the stem end are longer than those which are close to the 
style; the ends of the spinterns curve towards the style end 

Colour changes of rind and spintern 

These are most noticeable during the 12th w’eek of growlh and, at this time, about 10% of 
the spintern will have changed from green to yellow-pink 

The spintern bases swell and, in the 14th week of growlh, the rind colour is yellow or 
deep yellow over the whole fruit surface, while the spintern colour is pink, red-pink or 
red at the base and middle Almost all the spinterns arc red-pink or red by the 15th week 
except at the ends which are yellow-green or slightly yellow At this stage, the rind is 
deep yellow or red-yellow One week later, the fruit is fully mature with rind and 
spinterns becoming fully red 

Aril development 

When the fruit is 14 weeks old, the white pulp develops from the outermost cell layer of 
the outer integument (Tongumpai, 1980). It was also found by Wanichkul and 
Kosiyachinda (1982) that the pulp covering the seed can first be detected in the 5th week 
of fruit development The aril is a transparent, thin, gelatinous layer Esau (1977) 
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Figure 8. Growth of fruits of cullivar 'Seechompoo' 
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A weight of fruit at different ages (Source: Wanichkul and Kosiyachinda, 
1982) 
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defined the aril as a fleshy outgrowih which envelopes the seed and usually arises at the 
base of the ovule 

Aril growth also follows a simple sigmoid cur\'e (Fortuna, 1982). Aril measurement is 
possible at the 9th week, when it is approximately 1mm in diameter (Wanichkul and 
Kosiyachinda, 1982) and the almost exponential growth continues until about the 14th 
week 

The percentage of pulp to fruit weight increases during growth and is highest in the 16th 
week when the fruit becomes fully mature (Wanichkul & Kosiyachinda, 1982) 

Seed development 

In the cultivar ' Seechompoo', during the second week of development, the white seed is 
observed to be thin, soff and gelatinous. By the 6th week, it is larger and the cotyledon 
has hardened The seed coat or testa, which is initially thin, develops a white layer and, 
by the 14th week it is seen as a brown layer, free from the pulp The growth pattern is 
sigmoidal and is similar to that of the fruit 

Seed weight increases at a rapid rate from the 7th to the 13th week after development 
begins and seed length shows a steady growth rate for the first 9 weeks, with a reduced 
rate subsequently until maturity Seed width and thickness grow at a slower rate (Fig. 
8). Seeds which sometimes germinate prematurely in mature fruits can cause the aril to 
deteriorate, it becomes soft and loses both flavour and soluble solids. 

GENETICS AND CROP IMPROVEMENT 

Cytogenetic studies on the chromosome numbers of rambutan have given varying results; 
Ramirez (1961) considered the haploid (n) number of chromosomes to be II, whereas Jong 
et a! (1973) found the haploid number to be 16. 

Genetic divers ity 

There is considerable genetic diversity in rambutan, variation existing in tree form and 
growth, leaf colour and size, flower type and number per panicle, fruit pericarp and 
spintern colour, thickness and length, aril colour, thickness, texture, brix and acidity, 
adherence of aril to testa, seed size and form, susceptibility to pests and diseases, and 
cold and drought tolerance (Watson, 1984, 1988) The variability existing in rambutan 
has also been investigated by Van Welzen et al ( 1 988). 

Crop improvement 

Very few breeding programmes have been initiated up to the present, mainly due to the 
difficulties involved with long-term programmes Research on breeding barriers within 
the Sapindaceae has, however, recently been carried out by Dr C. McConchie, CSIRO, 
Brisbane, Australia He concludes that there is no absolute breeding barrier between 
cultivars or species within a genus except where seedless fruit are normally produced 
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Figure 9. Growth of fruit, seed, rind and pulp of cultivar 'Seechonipoo' in relation 
to colour break (Source: Wanichkul and Kosiyachinda, 1982). 
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The pollen of both lychee and longan germinate on the stigma of rambutan but are 
arrested in the embryo sac (McConchie, personal communication) 

Improvement has therefore been mainly based on selecting promising wild or cultivated 
forms and propagating them vegetatively Some of the selection criteria used are 
outlined under cultivars. These have been largely based on fruit and yield characteristics 
but some work has been carried out in Malaysia on the testing of a wide selection of 
potential rootstocks. 

Genetic resources 


Most of the cultivars now grown have originated from the wild variety Nepheliiim 
tappaceum var. kip/xiceiim but it appears possible that the varieties palleiis and 
xanthoides could be used in cultivar improvement programmes 

Many wild species of Nephelium exist and, in the lowland forest areas of Malaysia, 
Comer (1952) found 16 species of Ncpheliiim which have an edible pulp Although no 
studies have been carried out on the reproductive biology of wild rambutan species, it 
appears likely that species such as N. philippiiimise (N. iiuermedium Radik ) could 
provide an important gene pool for conservation. Some wild seedless rambutan varieties 
are occasionally found and these could have a potential for fruit production for the 
canning industry. Seedless varieties of the pulasan (M miilahile) are known in 
cultivation and could be used to hybridize with the rambutan to produce new types of 
fruits. Hybrids of N. miilabi/e and other wild species with the rambutan could also be 
used as rootstock material which could be more resistant, particularly to root diseases, 
than the rambutan (Chin, unpublished data). 

Genetic erosion 


Sastrapradja (1975) considered that the genetic erosion of cultivated rambutan was 
extensive in Indonesia, Malaysia, South Vietnam and Thailand but slight in the 
Philippines. The main reason was the increasing use of clonal propagation 

CULTIVARS 

Germplasm collections 

The main germplasm collections are located in: 


Australia 

(58) 

Philippines (108) 

Indonesia 

(93) 

Seychelles 

(22) 

Malaysia 

(68) 

Thailand 

(286) 

Mexico 

(51) 

Florida, USA 

(13) 


The numbers in brackets indicate accessions (IBPGR, 1986) 

Rambutan cultivars are known by names which may refer to fruit characteristics, to an 
area of production or to a specific cultivar In Malaysia, the confusion in cultivar names 
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has been partially resolved by using the prefix 'R' for both old and new clones in selection 
programmes 

Selection programme s and recommende d cultivars 
Malays ia 

A cultivar selection programme was initiated in the late 1970s, with the objective of 
testing promising clones under different agroclimatic conditions The criteria for 
selection which were applied included fruit shape and size, skin colour, aril texture and 
crunchiness and many other characteristics including suitability for both fresh fruit use 
and canning Van Welzen et aj (1988) have also outlined selection programmes in 
Malaysia. 

Seven clones are currently recommended for growing in most parts of the region; 

R3 (’Peng Thing Cheng'), R134, R1,S6 ('Muar Gading'), R160 (’Khaw Tow Bak'), R161 
(’Lee Long’), R162 (’Ong Heok’ or 'Daun Hijau’) and R170 ('Deli Cheng’) (Salma, 1986) 

An extremely detailed investigation of the morphological characters of 31 rambutan 
clones grown in Malaysia has been published by Salma (1986) who used the following 
characteristics in the investigation; 


Tree habit 

Round, with semi-erect branches. 
Spreading, with spreading branches 

Leaflets 

- Shape, broadly or narrowly elliptic 

- Lamina; either strongly folded, folded or flat. 

- Apex acuminate, acute or obtuse 

Colour of mature leaves; light green or dark green 

Inflorescences 

Size of panicle. 

Flowers 

Size of flow'er 

Fruits 

- General appearance; size, shape, 

colour, weight, length, texture and colourof hair. 
Sarcotesta (aril); thickness, taste, 
texture, juiciness and peeling ability 


- Seeds; size, shape and weight 


Salma also used isozyme banding patterns as an identification technique She concluded 
that the two most important identification techniques were the isozyme pattern and fruit 
characteristics Seed and leaf characteristics were considered as being less important but 
useful supplementary' characteristics. 

Two keys for the identification of the clones investigated, based on fruit and leaf 
characters, were also prepared 
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Piute lOA. Kipenin^ fruits of cultivar 'Koni>rien' 



Plate lOB. Mature fruits of cultivar 'R()ii}>rieii' 
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Cultivar characteristics 

Selected major tree and fruit characteristics of 5 of the recommended cultivars (after 
Salma, 1986) are outlined as follows: 

R3 CPenfi Th'na Chemr’t 

The vigorous trees, with semi-erect branches, grow to a height of 6m, the dense, round 
canopy is also about 6m wide The leaflets are broadly elliptic, 160mm long and 70mm 
wide w'ith an acuminate-acute apex. The fruits are oval, approximately 43mm long and 
36mm wide and weigh 22-33g. The red pericarp is 3mm thick. The aril is soft, sweet 
and juicy and peels easily from the seed with no testa adherence The edible portion is 
46%. The number of fruit per bunch varies between 3-13. Seeds are ovoid and flat and 
weigh I 8-2.0g. 

RI34 

.^Iso a vigorous cultivar, growing to a height of 6m with a spreading canopy of 
approximately the same width. Tree growth is round and dense, with semi-erect 
branches The leaflets are broadly elliptic, 120mm long and 60mm wide, with an 
acuminate-obtuse apex The oval fruits are 44mm long and 37mm wide and weigh 

approximately 28-29. 5g. The pericarp is 3mm thick and is red when ripe The aril is 
juicy, firm, acidic sweet and peels well but the testa adheres to the aril The edible 
portion is 45.8%. The number of fruits per bunch varies from 6-16. The seeds are ovoid- 
elongate and weigh 1.7-1 8g. 

R160 CKh a w TowT 

The growth of this cultivar is moderately vigorous, w ith semi-erect branches, the canopy 
is round and sparse Tree height is approximately 7 6m, with a spread of 7,3m The 
leaflets are broadly elliptic, I20-I40mm long and approximately 70mm wide with an 
acuminate-obtuse apex The fruits are oblong, approximately 48mm long and 36mm 
w'ide, with an average weight of 32-37g. The pericarp is 3 8mm thick and is scarlet 
when ripe The aril is firm, fairly juicy, sweet and peels well from the seed but with the 
testa adhering The edible portion is 45,8% The number of fruits per bunch varies from 
6 to 22. The seeds are ovoid-elongate and weigh 2.5-2 8g 

Rl6l ('L e e Lon g') 

The tree growrth is vigorous, the branches semi-erect and the canopy round and dense 
Trees may attain a height of about 7.6m, with a canopy 5.7m wide Leaflets are broadly 
elliptic, 160mm long and 70-80mni wide with an obtuse apex The fruits arc oblong, 
48mm long and 39mm wide and weigh about 34 5-35 7g The pericarp is 4mm thick and 
is orange-red when ripe. The aril is firm and crisp, juicy, sweet and peels well but with 
adhering testa. The edible portion is 491%. The number of fruits per bunch varies from 
2-9 Seeds arc ovoid-elongate and weigh 2.3-2.5g. 
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R I 62 (Ong Heok ) 

The growth of this cultivar is moderately vigorous, the canopy is round and sparse and 
trees may reach a height of about 6m, with a canopy width of 3.5m; the branches are 
semi-erect The leaflets are broadly elliptic, I32-I52mm long, 66-75mm wide, with an 
acute apex The fruits are oblong, 45-46mm long, 34mm wide and weigh about 3lg. 
The pericarp is 3.4mm thick and is yellow-red when ripe. The aril is firm, juicy, sub-acid 
in taste and peels well with portions of the testa adhering The edible portion is 47.1% 
The number of fruits per bunch ranges from 4-11 Seeds are ovoid-elongate and weigh 
l.9g 


Thailand 

The three most widely grown cultivars are 'Rongrien', 'Seechompoo' or 'Srichompoo’ and 
'Bangyeekhan', these cultivars probably originated from seedlings introduced from 
Malaysia Other less popular cultivars grown include: 'Seetong' or 'Seetongchoke', 
'Namtangruad' and 'Jemong'. 

Cultivar characteristics 

Brief descriptions of these cultivars have been given by Muchjajib (1990): 

Ronar ien or Roengrean 

Probably the most popular cultivar grow'n in Thailand, originating from a seedling 
introduced from Penang, Malaysia A tree of medium size, with a rounded crown, leaves 
oval in shape, short and thin, with a rounded apex and short petiole The fruits are borne 
in loose clusters of 10-13 fruits and are produced on terminal shoots. Fruits are relatively 
large, 50-55mm long and 38-40mm wide and weigh 40-50g; the shape is ovoid to 
globose The pericarp is thin, with long, coarse spimerns which change from green to 
dark red on ripening, remaining green at the tips The aril flesh is pearly white, thick, 
with a good flavour, and easily separates from the seed The single seed is oblong to 
elliptic and is laterally compressed. Total soluble solids range from 18-21% 

Seechompoo or Srichompoo 

This cultivar is a mutation from 'Bangyeekhan' The tree has a dense crown and develops 
a large canopy. Leaflets are elliptic and larger than those of 'Rongrien' The globose 
fruits are large. 50mm long and 38mm wide, and weigh 28-35g The pericarp is thin and 
pink to pinkish red or dark red when ripe The aril has a good flavour and the seed coat 
separates readily from the seed The total soluble solids vary from 18-20%. 

Bangyeekhan 

This cultivar has large leaves; the fruits are large, mainly ovoid but flat and slightly 
elongated, with short, small spinterns which are red or yellow at the base, remaining 
green at the tips The flavour is good but with a slightly sour taste The aril does not 
easily separate from the seed 
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SeetonB or Seeionjjchpke 

This is a relatively new cuitivar which has arisen from hybridization between existing 
cultivars. The leaf size is larger than that of Sccchompoo, it also flowers earlier and 
produces fruits before Seechompoo It has a very' large aril and has a good, very slightly 
acid taste. 

Indonesia 


Approximately 20 cultivars are grown in Indonesia (Watson, 1984): Atjch Kering, 
Manis, Lebakbulus, Silengkeng, Pao Pao, Sinyonya (Scenjonja), Aceh Gading, Aceh 6B, 
S K.W L., Aceh Padang. Biji, Aceh Gundul, Aceh Kuning, Sitangkue, Simacan 
(Seematjaan), Binjai, Aceh Gendut, Aceh Rapiah, Aceh Gedong, Padang Bulan and Gula 
Batu 

Of these, the main commercial cultivars are Lebakbulus, Binjai. Rapiah and Simacan. 
Cuitivar characteristics 


Lebakbulus 

The fruit is large and rounded, with a yellow'ish-red skin when ripe It is considered the 
best cuitivar because it has a good blend of sugar and acid and the aril does not cling to 
the seed coat 

Binjai 

This cuitivar has a large, oval-shaped fruit with a deep red skin when ripe, has a crunchy 
texture and good flavour, although it is not as juicy as Lebakbulus 

Rapiah 

The fruits of this cuitivar are small to medium in size and are rounded The skin is thick 
and hard with short spintcrns, and becomes an uneven green, yellow or red when ripe 
The aril is thick and easily detaches from the seed 

Seematjaan. Simacan 

This cuitivar has rounded, sometimes flat, large fruits with a red skin when ripe. It is 
sweeter than Lebakbulus and the aril detaches with the seed coat 

Philippines 

During the last 40 years plantings, of both home garden and commercial crops of 
rambutan have been carried out using predominantly clonal material but, until recent 
times, the extent of commercial orchard establishment has been limited Two main 
quality attributes have been considered in determining consumer acceptance; these are 
the adherence of the aril to the seed and the adherence of the testa or seed coat to the 
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Plale 1 1 A. 

Maturing fruits of ciiltivar 
'Seechompoo' 



Plate lilt. 

Maturing fruits of cultivar 
'Secchonipoo' 

'Rongricn' 
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flesh Other major fruit characteristics such as spintem length, shape, weight and edible 
portion are also factors being considered in recommending cultivars suitable for fresh 
fruit consumption (Muchjajib, 1982) 

Cultivar characteristics 

Detailed descriptions of the three main cultivars grown in the Philippines have been given 
by Salazar (1956) and Valmayor et al (1961): 

Maharlika 

This cultivar may be the same as the Lebakbulus of Indonesia. The tree has a well- 
shaped, broad crown and produces medium-sized to large, globose fruits. 43-51mm long, 
35-46mm wide and 29 45g in weight The red spinterns are widely spaced, pliable, fine 
and 10-I2mm long. The pericarp is thin and remains yellow for an extemded period 
before changing to red. The aril is about 5mm thick, pearly white, firm, medium Juicy, 
subacid to sweet, and of very good quality. It is loosely attached to the seed with part of 
the seedcoat adhering The edible portion is about 50 percent of the fruit by weight 
The seed is oval to oblong, compressed laterally, about 25-27mm long and 15-18mm 
wide. 

Seematian 

Trees have an open crown and long, flexible branches. The fruits are large, dark red 
when ripe, ovoid or egg-shaped, 44-60mm long, 32-40mm wide and 35-52g in weight. 
The spinterns are slender and about 18mm long, the pericarp is thin The aril is shiny, 
pearly white, thick, firm, very sweet, medium juicy to slightly dry and separates easily 
from the seed w'ith most of the seedcoat adhering to the flesh. Quality is excellent The 
edible portion is about 48 percent of the fruit by weight. The seed is oblong to ovoid, 
slightly compressed laterally and about 23-30mm long and I3-I6mm wide 

Seenionia 

The tree is smaller than the two cultivars already described and has a lax crown. The 
fruits are small.almost ovoid, 38-42mm long, 25-35mm wide and 18-23g in weight. The 
pericarp is thin, dark wine red in colour, with slender spint^erns about 8-IOmm long. The 
aril is translucent, relatively thin, very sweet, juicy and adheres very firmly to the seed. 
Quality is good. The edible portion is about 40 percent of the foiit by weight The seed 
is oblong, about 26mm long and 13mm wide. 

Seven other cultivars have been selected from outstanding seedling trees originating 
from these 3 standard cultivars. These are Diwata, Marikit, Dalisay, Marilag. Bituin, 
Alindog and Paraluman In addition, several outstanding selections have also been made 
by various government agencies and private individuals in Oriental Mindoro and Davao 
and these are being propagated asexually in these provinces 
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Sinuapore 

The main cultivars grown are Jit Lee (Deli), R37, Ah Kow Cheng and Kim San Cheng 
Sri Lanka 


A new rambutan cultivar. Malwana has been evaluated. It is considered to be superior to 
all local and introduced cultivars in size, appearance and juice quality (Herath, 1985). 

Australia 


Selection programmes, mainly carried out in North Queensland, have identified nine 
rambutan cultivars which are recommended for planting in this region. These cultivars 
have been introduced from Indonesia, Malaysia, Thailand and Singapore and the 
selection criteria used have included (Watson, 1988): 

Satisfactory yield 

Satisfactory fruit size (greater than ,)4g) 

Satisfactory sweetness (Brix in excess of 19°) 

Relative absence of objectionable testa remov ed with the aril 
Attractive appearance 
Regular cropping 

The potential for an economic level of rambutan production appears to exist in northern 
.Australia; the main problem at present is the degree of acceptance of some cultivars in 
which the seed testa adheres to the aril 

Cultiv a r characteristic s 

The results of these programmes have been summarized in table 8: 
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Skin 

thick- 

ness 

thin 

thick 

thin 

v.thick 

thick 

thin 

thick 

thick 

thin 

Aril 

crisp or 
juicy 

crisp 

both 

crisp 

both 

o 

‘5 

> 

v.juicy 

both 

crisp 

juicy 

Testa 

objectionable 

not 

slight 

moderately 

slight 

slight 

slight 

moderately 

slight 

slight 

Cling or 
free 
stone 

cling 

free 

free 

free 

free 

medium 

free 

free 

slightly 

Mean 

Brix° 

mature 

18-21 

20-22 

19-21 

20-23 

20-22 

20-22 

10-22 

20-23 

19-21 

Mean 
% aril 
(flesh) 


35 



36 

ITj 


54 

34 


Mean 

fruit 

weight 

range 

(g)ts 

32-41 

30-55 

32-37 

40-51 

34-46 

34-43 

38-47 

37-46 

40-48 

Colour 

of 

spinterns 

green 

lips 

green 

tips 

green 

lips 

red 

C 

o 

o 

o 

green 

tips 

slightly 

green 

tips 

red/green 

tips 

green 

overall 

Pericarp 

colour 

orange/red 

crimson/ 

dark red 

pink/ 

0) 

Zfx 

c 

« 

o 

0> 

l_ 

pink/red 

yellow/ 

orange 

crimson 

red 

Mean 

fruit 

size 

(mm) 

48/40 

60/40 

53/36 

65/40 

56/40 

48/40 

50/45 

58/42 

65/40 

Tree 

spacing 

(m) 

lOx 10 

lOx 10 

12 X 10 

12x 10 

o 

X 

o 

12x 10 

lOx 10 

lOx 10 

lOx 10 

Tree size 
(ht) 

Medium- 

small 

Medium 

Medium- 

larse 

Medium- 

laree 

Medium 

Medium- 

large 

Medium 

Medium 

Medium- 

large 

Cultivar 

Binjai 

Jit Lee 
(Deli) 

c 

0) 

■c 

so 

c 

o 

a: 

R9 

R134 

R156 

(red) 

R156 

(yellow) 

R167 

Silengkeng 
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The horticultural characteristics of the principal rambutan cultivars grown in the South- 
east Asian area have been summarized by Lam and Kosiyachinda (1987) 

Table 9. Horticultural characteristics of principal rambutan cultivars in the South east 
Asian Region 


Cultivar 

Shape, fruit 
size 

Colour of 
skin 

Aril texture 
crunchiness 

Bangyeekhan 

large oval 

red 

above average 

Binjai 

large oval 

red 

above average 

Jitlee 

medium 

red 

above average 

Lebakbulus 

large oval 

reddish orange 

average 

Maharlika 

large 

red 

above average 

Rapiah 

medium round 

greenish yellow 

above average 

Rongrien 

large 

red 

above average 

R3(Gula Batu) 

medium round 

red 

above average 

RI34 

medum round 

red 

above average 

R 1 56(Muar Gading) 

large 

round yellow 

average 

R160(KhawTowBak) 

medium round 

red 

average 

R161(Lee Long) 

large oval 

red 

average 

R162(Daun Hijau) 

large oval 

orange-red 

above average 

R163 

large oval 

yellow 

average 

R170(Deli Cheng) 

large oval 

red 

average 

Seechompoo 

large 

pinkish red 

above average 

Secnjonja 

small 

red 

average 

Simacan( Indonesia) 
Seematjan(Philippines) 

large round 

red 

average 
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CHAPTF.R 4 
ECOLOGY 


CLIMATIC RANGE 

The rambutan is found growing within 18° of the equator but is more commonly 
cultivated within 12°. Within 8° of the equator, satisfactory crops can readily be obtained 
at altitudes up to 500m (Terra, 1952). In most of the tropical Asian regions, a 
temperature range of 22-30°C with a maximum elevation of 700m in favoured areas 
(Galang, 1955; Mendiola, 1941, Ochse el al, 1961) is considered appropriate for growth and 
development High rainfall areas with 2,000 to 5,000mm of rain per annum fairly evenly 
distributed throughout the year, are generally considered suitable but supplementary 
irrigation may be required in some areas, particularly in the period from flower set to 
harvesting (Galang, 1955; Rodrigo, 1976). The establishment of rambutan in sub-tropical 
areas has been generally unsuccessful 

CLIMATIC FACTORS AFFECTING PLANT GROWTH 

Temperature 

Vegetative growlh 

As with many other tropical fruit crops, temperature has a profound efl'ect on the growlh 
and production of rambutan and its related species and these temperature effects are 
closely related to the length of the dry season 

The rambutan is very sensitive to low temperatures and. when these fall below 10°C, 
plants are likely to suffer a severe check in growth Watson (1981) has stated that plants 
may tolerate brief periods of temperatures as low as 4°C, Trees are, however, likely to 
be defoliated as a result of very low temperatures but will generally recover during the 
following growing season. Reaction to low temperatures is unexpectedly variable 
between cultivars. 

In Australia, leaf flushing is reduced during the months which have an average of 
minimum and maximum temperatures below 22°C and the fruit development period may 
be extended up to 6 months, reducing the potential for satisfactory fruit development 
(Lim and Kosiyachinda, 1987). 

Variation in cultivar response to temperature has also been investigated in Australia and 
some cultivars such as 'Gading', 'R165' and 'Hew’ are not recommended for planting in 
some areas due to their tendency to defoliate during winter (Watson, 1983) Due to the 
limitations imposed by temperature, rambutan production in Australia is only considered 
feasible north of 1 8°S and then only in coastal areas 

A maximum temperature of about 40°C is considered to be the threshold for active 
growth to proceed. 
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Flower initiation 

Flower initiation does not appear to be affected by temperature in latitudes 15-18°S in 
Australia, since flowering occurs from July to March in cold, warm and drv' and also wet 
seasons. Flowering is, however, more seasonal in latitudes I0-15°S This may suggest 
that, the warmer the climate, the greater is the influence on flowering by temperature or 
rainfall variations (Watson, personal communication) The hormone levels of the 
inflorescence may possibly be affected by a variation in temperature and a decrease in 
flowering inhibitors may result in a promotion of flower development (Muchjajib, 1988). 

Rainfall 


Annual rainfall and distribution 


The annual precipitation and rainfall distribution patterns have a direct effect on the 
vegetative growlh, flower initiation and fruit development of rambutan A moist, hot 
climate with a fairly evenly distributed rainfall pattern is the main requirement and 
regions with precipitation ranging from 2,000-5,000mm per annum are generally suitable 
for rambutan cultivation. In southern Thailand, for example, rainfall levels ranging 
between 2,500-3,000mm per annum and sites which are less than 300m above sea level 
are generally preferred. Supplementary irrigation from flowering to harv'est is provided 
at Chantaburi in eastern Thailand, in the 3,000 to 4,000mm precipitation zone, during the 
summer months (April-June) 

Effects of rainfall on flow ering 

In areas with a bimodal or relatively continuous rainfall pattern, the timing of flowering 
may be erratic, the intensity of flowering appears to be correlated with the level and 
duration of water stress Six years of observations carried out in Serdang, Central 
Malaysia, indicated that a weak but convincing relationship existed between dry periods 
and flowering (Shaari, 1983). it appears that a dry period of at least a month is essential 
to trigger the formation of floral buds 

The intensity of flowering also seems to be related to the duration of the period of water 
stress Whitehead (1959) has also reported that weather conditions before and at the time 
of flowering affect floral development in Rambutan Excessive rainfall before expected 
flowering is detrimental since it promotes vegetative growth (Chapter 7). 

It is possible to encourage the production of out-of-season crops by adjusting irrigation 
schedules, in order to extend the production period, but the risk exists of producing fruit 
of an inferior quality. The techniques used in Thailand to modify flower initiation and 
panicle development are discussed in Chapter 7 

The importance of water stress in regulating flowering is further emphasized by the 
seasonality and distribution of the crop In Peninsular Malaysia, rambutan generally 
produces one crop annually This is especially so in the northern and eastern parts of the 
country On the other hand, in the areas where yearly rainfall pattern shows a double dry 
season, the rambutan may produce two crops annually First flowering occurs in 
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Febmary-March and the second season during the dry months of June-July A heavy 
crop is normally followed by a light one (Shaari et af, 1983) 

Water stress is considered to reduce the rate of vegetative growth by promoting starch 
and protein hydrolysis, leading to an increased rate of availability of soluble 
carbohydrates and amino acids. During periods of water stress, the soil nitrogen 
availability is also reduced. 

The carbohydrate/nitrogen ratio (C/N) will therefore increase when the trees are 
subjected to water stress and a high carbohydrate, moderate nitrogen ratio is considered 
to promote flow'er initiation and development 

Effects on fruit development 

The water requirements of the various cultivars growm in different ecological areas are 
not known but the main period of demand appears to be during the fruit development 
period Small-sized fruits are likely to result from a shortage of water during the early 
fruit development period and, in some areas of Thailand, trees are irrigated during dry 
weather to promote adequate fruit development 

Heavy rainfall during the final phase of fruit development results in a rapid e.xpansion of 
the developing aril cells If this rate of expansion exceeds the rate of growth of the skin, 
cracking will result, resulting in a possible loss of up to 50% of the crop value The Thai 
cultivar Rongrien is particularly sensitive to skin cracking (Earn and Kosiyachinda, 1987). 

Some cultivars are particularly sensitive to water stress during fruit development, 
resulting in reduced fruit filling. Among the Malaysian clones. R4 and R9 have been 
found to be particularly susceptible and the resulting fruits have poor eating qualities, 
with a low edible portion, high acidity and sometimes a lack of flavour (Lam and 
Kosiyachinda, 1987). 

Humidity 

Effects on leaf growth and d ev elopment 

Since rambutan has evolved in wet, humid climates, it has been suggested by Watson 
(1981) that rambutan leaves have a limited stomatal closing capacity In regions with 
regular air movement, combined with a low level of humidity, cultivars such as R137 and 
Jitlee are preferred since they have relatively small leaves, combined with a more 
effective stomatal closure system Cultivars such as R4, R7 and R99, on the other hand, 
are readily subjected to water stress (Watson, 1981) 

Effects on fruit developme nt 

The quality of the fruit spintems may be affected by a low relative humidity level 
Bunnak (1980) has estimated that a fruit may produce about 400 spintems, with 
numerous stomata on each spintern (Pantastico, 1975) If the relative humidity is low. 
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particularly during the fruit-filling stage, excessive amounts of water may be lost from 
the spintem cells, leading to cell death and a rapid drying of the spinterns 

Photoperiod 

The rambutan appears to have little sensitivity to photoperiod and the day-length does not 
directly aflect flower initiation Light may, however, affect the colour development of 
the fruit since the anthocyanins, which are responsible for the red colour in the fruit skin, 
are sensitive to light intensity. Fruits which develop within the tree canopy are generally 
less brightly coloured at maturity than those which have been exposed to fiill sunlight. 
The effects of various wavelengths of light on fruit colouring are not known (Lam and 
Kosiyachinda, 1987) 

Wind 


Rambutan cultivars vary in their response to cyclonic winds (Watson, 1981). Trees which 
lose their leaves readily in strong winds generally have fewer damaged branches than 
trees which retain their leaves Cultivar response to wind damage has been investigated 
and cultivars which retain a high proportion of their leaves In high winds include Binjai, 
Rapiah, Rongricn, R9, RI65 and Secchompoo. Readily defoliated cultivars include R4, 
R7, R99 and RI70. Winds with a low moisture content can result in a rapid drying of 
spinterns, due to accelerated water loss, but the use of windbreaks can reduce these 
losses (Watson, 1981), 

Exposure to dry winds may lead to a browning of the leaf margins, sheltered 
environments are therefore recommended for both home garden and commercial 
plantings 

Climate and production areas 

In mo.st countries, the distribution of rambutan cultivation seems to be more influenced 
by climatic than by other factors such as soil type The major rambutan cultivation areas 
in the Peninsular region of Malaysia appear to coincide closely with agro-climatically dry 
zones Major rambutan growing districts such as Muar, Batu Pahat, Central Perak and 
Kedah are located in areas with dominant and distinct dry periods lasting for 2-3 months 
a year, as classified by Nieuwolt, et al (1982), In Thailand, districts around Bangkok, 
Chantaburi, Nakhon Si Thammarat, Surat Thani and further south are the main rambutan 
growing areas Little or no rambutan is grown in the northern provinces mainly due to 
temperature restrictions. 

SOIL REQUIREMENTS 

The rambutan can be grown successfully in a wide range of soils but optimum growth 
and fruiting occurs on rich, well-drained, sandy loams or clay loams which are rich in 
organic matter The most commonly used types of soil are alluvial soils derived from 
basaltic rocks but crops established on red lateritic soils are normally successful when 
adequately fertilized with a combination of organic and inorganic fertilizers (Yaacob, 
personal communication) 
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In many areas of South-east Asia, ranibutan thrives well on hillsides with moderate 
slopes, particularly those which have recently been cleared from forest It is more 
susceptible than mangosteen to poor drainage, planting on slightly sloping land is 
therefore generally preferred (Alemayda et M ■ 1979) 

Under Queensland conditions, it has been found that crops grown on red krasnozem soils 
which have been derived from basaltic rocks produce optimum growth and yields Trees 
grown on soils originating from metamorphic and granitic rocks may show a marginal 
leaf necrosis in the autumn and winter, this occurs less on trees growing in the basaltic 
krasnozem type of soil 

Leaf analysis has shown that the principal cause of this condition is the chloride which is 
present in fertilizers such as potassium chloride Trees which were originally given 
fertilizers containing chlorides but which were subsequently converted to programmes 
using sulphate-based potassium for two years showed leaf chloride levels of less than 
0.2% and no leaf scorch Trees subjected to a chloride-based fertilizer programme, and 
particularly those which were not growing on basaltic soils, showed substantial marginal 
leaf bum and premature leaf drop, with chloride levels of 0.2-0. 4%. Low winter 
temperatures, low humidity and exposure to wind may also exacerbate the damage 
(Watson. 1991). 

Soil moisture content should be regularly maintained at a high level; areas with an evenly 
distributed rainfall and short dry season are therefore generally preferred. It has been 
postulated by VerheiJ (personal communication) that the dry period is essential for the 
drying out of the topsoil, inducing a reduction in vegetative growlh. The subsoil should, 
however, retain sufficient moisture to sustain floral development; this situation also 
applies to mango, which flowers during a long, dry' season The use of an organic mulch, 
as a means of conserving soil moisture, is generally recommended 

Good soil drainage is essential and the water table level should generally be less than 3- 
4m from the surface (Muchjajib, 1990). Soil depth can also aflect the crop. For example, 
in Malaysia, clone 'R99' grown on the shallower Malacca soils on hilly sites produced 
smaller trees and smaller fruits than those growing on lower ground at the Dato Murad 
Farm in Malacca. 

A pH range of 4. 5-6. 5 is considered appropriate, at higher levels iron and zinc 
deficiencies are commonly observed, leading to a yellowing and chlorosis of the leaves 
(Watson, 1984). The response of various cultivars to differing pH levels is not known. 
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SECTION II 

RAM13UTAN CULTIVATION 
CHAP I ER 5 
PROPACJATION 

Methods of propagation which are used with ranibulan include: seeds, budding, grafting 
and layering Several variations in vegetative propagation techniques have been 
developed and some are more popular than others in the main producing countries 
Multiplication by tissue culture is still being explored. 

PROPAGATION BY SEED 

Propagation by seed is relatively easy, but is not recommended for the production of 
fruiting trees since the resulting seedlings are very variable, 50% or more may be male 
flowering only seedlings, due to the dioecious nature of the rambutan. The female 
flowering seedlings may also be variable in both plant and fniit characters (Cortez and 
Bait, 1072, Lambourne, 1937) 

In the Philippines, Torres et a). (1962) observed that, from an original population of 20 
seedlings grown from a high yielding parent, only II survived to maturity. Of these, only 
4 were female flowering trees but only one of these was considered to be suitable for 
vegetative propagation, based on fruit yield and quality 

Seedling trees take much longer, up to 8-10 years, to produce fruits, compared with 
clonal cultivars which may begin fruiting in 3-4 years. The main use of seedlings, 
therefore, is as rootstocks for grafting and budding (Valmayor et af., 1961). 

Seed viability and germinati on 

Rambutan seeds have a short period of viability and should be sown immediately after 
they have been extracted from the fruit to obtain a germination level of 70-90% Since, 
however, the aril contains inhibitors it is essential that the seeds be washed immediately 
after extraction 

Seeds which have been separated from the aril for 7 days may have a germination 
percentage of only 50-65% (Torres et a]., 1962) In later investigations, it was found 
that, after drying in ambient conditions for 3 days, the seed moisture content fell from 
32.5% to 25.3% and the germination percentage dropped to 70%. .After drying for 2 
weeks, the moisture content was 12.8% and germination fell to almost nil Viability may 
be extended for up to one month by wrapping unwashed seeds in sphagnum moss, moist 
sawdust, charcoal and polyethylene. 
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Seed sowing 

The position of the seed at sowing has been found to affect emergence and experiments 
have shown that sowing the seed in a horizontal position, with the flattened side facing 
downwards will encourage upright shoot growth and the development of a vigorous root 
system (Morton, 1987). Before sowing, the seeds should be cleaned by removing any 
pieces of remaining aril 

It is generally recommended that seeds should be sown in containers to reduce losses on 
transplanting Horizontal sowing is preferable, in a mixture containing 75% peat and 
25% perlite. A slightly acid substrate, with a pH of 5 0-6.5 is considered suitable In the 
Philippines, Pesquiza (1956) recommended a sowing mixture of 50% river sand and 50% 
clay loam soil. Plants grown in this substrate were vigorous in growth, rapidly 
developing in size and leaf production; the stetn diameter also showed a satisfactory rate 
of increase. 

Alternatively, seeds may be sown in a seedbed in rows 3-4 cm apart, with 2 cm between 
seeds A well-drained sandy loam with adequate organic matter is recommended 

Germination of freshly harvested seeds which have been washed normally takes place 
within 12-15 days from sowing; seeds which germinate early usually produce the most 
vigorous seedlings. Seedlings raised in seedling beds should be transplanted with care, 
preferably during wet weather and when the cotyledon leaves are still attached since the 
rambutan is particularly sensitive to root disturbance Seedlings may be planted in well 
prepared nursery beds at a spacing of 30-40cm apart Current practice is to transplant 
them to polythene bags, of 0.06mm gauge, 25cm wide x 30cm deep, filled with a 
compost containing adequate amounts of organic matter and fertilizer Good drainage 
and aeration is essential for the growth and development of seedlings. 

In Singapore, rootstock seedlings were planted in polyethylene bags containing 58% well 
decomposed compost, 25% coconut coir and 17% of coarse sand The seedlings were 
shaded and watered regularly until they were 3 months old. They were progressively 
exposed to sun before being grafted Fertilizer treatments included monthly applications 
of lOg of NPK (12:17:2) or 50g of decayed poultry manure per seedling. The seedlings 
were ready for approach grafting in 6-8 months (Chua and Teoh, 1973) 

Seedl in as for rootstocks 

For seedlings which have not been transplanted from nursery beds at an appropriate 
stage of development, pruning of the main root, by inserting a knife well below the soil 
surface, can minimize transplanting losses 

The problems aftecting rootstocks which have been left too long in the nursery were 
investigated by Abdul-Ghani-Mohamed (1988). Kinking and circling were the problems 
normally encountered and these were found to be overcome by root pruning or 
wrenching the stock from the soil. Root pruning encouraged the development of 
compact, fibrous roots and an 8% increase in field survival rate of root-pruned stocks 
was observed. 
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Transplanted seedlings will thrive well under partial shade but require regular watering 
since a lack of water may cause drying of leaves which may become brown at the edges 
If the compost or nursery bed soil in which they are established has a good content of 
organic matter, fertilizer applications should not be necessary Limited dressings of a 
nitrogenous fertilizer may be applied, if the soil is less fertile, to stimulate seedling 
growth Plant protection sprays may be necessary in some areas Seedlings are normally 
suitable for use as rootstocks when they are 6-12 months old (Cortez and Bait, 1972) 
when they will have attained a diameter of I2-I8mm 

PROPAGATION BY Bl DOING AND GRAFTING 

Rootstocks 

Vigorous forms of rambutan, including some cultivars as well as seedlings, are used as 
rootstocks, having been selected for their adaptability to various ecological conditions 
In Indonesia, the cultivars Simatjan, Sinjonja and Sitangkoe are frequently used as 
rootstocks. The kapulasan [Nephelium mutabik) has been tested as a potential rootstock 
but has not really been successful. If this species was hybridized with other species of 
wild rambutan, however, this could lead to the production of a new type of rootstock 
(Chin, unpublished data). 

Studies have been undertaken in the Cameroon, at Nyambe, on stock-scion relationships; 
attempts have also been made to identify dwarfing rootstocks for rambutan (Perron, 
1987). The use of semi-dwarfing rootstocks has also been di.scussed by Razak Shaari et 
(1983) and they suggested that the use of such stocks would reduce the costs of 
production and harvesting. Rootstocks may be propagated vegetatively, using the 
etiolation method of layering, or from seed 

Vegetative methods of propauation 

The following methods used in the propagation of rambutan have been described in detail 
by Walter (1976) 

Budding techniques 

The best sources of budwood are trees that are normally good bearers, but which have 
borne little fruit in the current season. Shoots selected for budwood should be well 
furnished with dormant buds and should be obtained from the tree three to four months 
after harvest since, at this time, the bark will part easily from the wood (Lambourne. 
1937). The most satisfactory buds are those from one-year old wood about 15-20cm in 
diameter, from which the leaves have abscised Since the rambutan is inclined to retain 
its leaves rather persistently, however, it is usually necessary to cut the leaflet blades on 
the selected branches some time before the buds are required, thus inducing natural 
petiole abscission 
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As soon as the budwood has been cut, it should be placed in the shade, with its lower 
end in water If it is to be transported some distance, the cut ends should be dipped in 
melted wax and the budwood wrapped in banana leaves, moist sacking or polyethylene 
sheet, so as to prevent moisture loss through evaporation Dud grafting succeeds best in 
dull, cloudy weather but, in countries without a marked dry season, it can be done at any 
time except during or immediately after rain. In two-year studies in the Philippines 
(Angeles, 1962) on the relationship between budding success and time of budding, the 
maximum "take" in both years was in May-July (the rainy season), when 80-84 percent 
success was achieved During the dry season, the "take" was no more than about 25 
percent and, in other months, it was intermediate. In Sarawak, it was found that July, 
August and November were the optimum periods for budding Watson (1984) 
recommended that in northern Queensland, Australia, budding should be carried out 
during either October-December or .‘\pril and May. 

An essential requisite for a high percentage of success w ith budding is a soil medium that 
will ensure rapid, uninterrupted growth. In studies in the Philippines (Pesquiza, 1956), 
with budded rambutan seedlings grown in fine river sand, rice straw compost, ordinary 
garden soil or in equal mixtures of all three media, growth in the sand-compost-soil 
mixture was by far the best 

Shield budding 

This method is sometimes known as T-budding, which describes the form of incision 
made in the stock This type of budding is popular in Thailand and is used in the 
commercial production of rambutan. particularly for propagating the cultivar Roengrean 

Shield budding is most easily employed where the stock rind is pliant and not too thick to 
fold round the inserted bud It is best done when the rind of the stock is readily 
separated from the wood. The scion bud-wood (bud-sticks) are usually taken from 
shoots of the current season's growth but, where buds remain viable on older stems and 
branches, these may also be used, provided they are not too large for insertion Leafy 
shoots must be defoliated immediately after collection to reduce moisture loss This is 
commonly done by removing the unripe tip of the shoot and cutting through the petioles 
of the lower leaves close to the shoot 

In the operation of shield budding (Figure 10) the stick of buds is held by the upper end 
and the first well-developed bud nearest this is removed by a shallow slicing cut which 
begins 1-2. 5cm below the bud, passes under the bud and comes out well above it (A). 
The bud shield should contain a sliver of wood but should be quite thin and flexible so 
that it will bend to fit closely over the curved surface of the wood of the stock and be 
neatly enfolded by the stock rind 

If the knife blade is arrested before it quite reaches the surface at the finish of the cut, 
and the removal of the bud shield is completed by tearing, it will terminate in a long strip 
of rind which may be used as a convenient handle This handle is cut off after bud 
insertion (H), The stock (B) is prepared by making a 'T' incision (D) through the rind 
down to the wood The rind is raised (E) and the bud inserted (F) The tail of the handle 
(H) is cut off exactly at the horizontal incision and the bud is firmly tied with budding 
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Figure 10. Shield budding. The bud (eye) prepared and inserted in the stock ready 
for tying (Source: Walter, 1976) 



Figure 11. Patch budding (Source: Walter, 1976) 
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tape, polyethylene strips are normally used The bud must remain firmly tied for two or 
three weeks when it is removed to prevent the stock being constricted- 


Patch buddinii 

This is a relatively simple operation in which a patch of rind, including a bud, is lifted 
from the scion and used to replace a patch of rind of similar size which is removed from 
the stock; this technique is widely practised in Thailand. There are many practical 
modifications of this technique, including the Forkert method. Successful results largely 
depend upon the ready separation of the rind from the wood and good vegetative growth 
potential, as seen in well-pruned scion-source material and in young actively growing 
rootstocks. The timing of the operation is particularly important, budding at the 
beginning of a major growth period being best 

For ease of manipulation, the stock and scion should be of approximately the same age 
and diameter and in such condition that the rind parts readily from the wood When the 
rind of the stock is considerably thicker than the rind of the scion, the stock rind should 
be pared down so that, w'hcn in position, the scion is either level with or above the stock 
rind. This facilitates firm tying of the patch By the use of a knife with two parallel 
blades (Figure 1 1 ), cuts are made horizontally round the budwood, through the rind 
above and below the selected bud Two vertical cuts (B) made with a single blade 
connect the horizontal cuts, and the piece (D) containing the bud is removed. The stock 
(E) receives similar horizontal cuts (F) slightly longer than the width of the patch A 
single vertical cut (G) enables the rind to be raised and peeled back (H) so that the bud 
may be placed in position The stock rind is peeled back a distance equal to the width of 
the bud A vertical cut (J) removes the surplus stock rind, and all exposed edges of the 
stock rind and scion patch are in contact Tying completes the operation In some cases, 
it appears to be advantageous to seal the exposed cut surfaces and to .shade the bud by 
tying a young leaf to the stock above the graft so that the bud is covered and water 
running down the stock stem is diverted from the bud 


A popular method of budding the rambutan is the modified Forkert system, which is used 
in Malaysia, although it originated in Indonesia It is a variation on the traditional patch 
method of budding 

Budwood is best collected on the day of budding It is kept cool and protected from 
bruising by placing it in a container or soft wrapping On reaching the nursery, the 
budslips (patches) are sliced from the budwood by means of a sharp knife. 


Stocks, preferably 1.5-2. 5cm in diameter at the budding position, and in active growth, 
should be wiped clean with a coarse cloth dipped in a fungicide solution and allowed to 
dry 

The sliver of wood is removed from the bud slip, taking care not to bend the rind or 
touch the cambial surface of the bud patch If the bud-trace comes away with the wood, 
the patch is best discarded The de-wooded patch is placed on a clean board or work- 
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box, cambium uppermost, and the edges trimmed to fit within the incised patch on the 
stock, leaving a gap of about 3mm The stock flap is now lifted with the spatula end of 
the budding knife and the bud inserted without rubbing or sliding the cambial surfaces 
together. The flap is then closed over the bud and tied with polyethylene tape To shade 
the bud from sunlight, a few leaves may be tied above the tape so that they hang over the 
bud 

A modification of the technique, which is widely used is illustrated in Figure 12. Only 
the horizontal cut (A) is made and the rind (B) is peeled away to expose the cambium 
The rind may peel in one or several strips Two-thirds of the length of the flap thus 
formed is then removed (D) The bud (E) is cut to fit the exposed area of the stock and, 
after removal of the woody tissue, is inserted beneath the remaining portion of the flap 

(F) 

This method of budding requires more than the usual amount of care, since the rind is 
thin and breaks easily Experiments in West Malaysia on methods of improving the 
"take" showed that wide bud-patches gave better results than narrow ones, but that 
variations in the panel design made little difference 

After the bud-patch has been fitted and tied in position, the buds are shaded by tying a 
few leaves over them. About 18 days after budding the tying material is removed and the 
bud-patch re-shaded. In another seven to ten days the stock may be cut back to within 
15cm of the bud, to encourage the bud to develop Plants with vigorous shoots can be 
transplanted about two to three months after the bud starts to grow, weak shoots usually 
remain backward, and these plants should be discarded. The total time from budding to 
the production of a plant large enough for planting out is about four to five months. 

Trans plantin g bu dded stocks 

When preparing budded stocks raised in nursery beds for the shock of transplanting, it is 
advisable to prune some of the roots about a month beforehand This is best done by 
removing the soil to a distance of IO-13cm from the stem, three-quarters of the way 
round, all the roots that reach outside this area and any secondary tap roots are then cut 
and the soil replaced. This has the effect of encouraging the growth of fibrous roots near 
the stem, without any lasting adverse effect on the plant. The best time for lifting is 
between flushes of new growth, when the terminal bud is comparatively dormant Plants 
to be planted within a short distance of the nursery beds should be wrapped in a suitable 
material, taking care not to break the ball of earth; for long distance transport, the plants 
should be transplanted into polyethylene planting bags. Current practice is to raise 
rootstock seedlings in polyethylene bags from the earliest stages. 

Grafting techniques 

Investigations carried out in Indonesia have indicated that the propagation of rambutan 
by top grafting and budding gave poor results but, from approach grafting experiments 
carried out in Bogor, 100% success was achieved using the cultivars 'Lebakbulus', 'Binjai' 
and 'RapialV Two rootstocks, 'Sinyonya' and 'Sitangkue' were used and both gave 
equally good results After the scion was severed from the parent plant, and 
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Figure T2. Forkert budding (Source: Walter, 1976) 



Figure 13. Spliced approach graft. The components sliced to expose the cambium 
in equal pattern (Source: Walter, 1976). 
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removal of the rootstock root, 72-75% of the scions on the rootstock 'Sinyonya' and 72- 
87% of those on 'Sitangkue' remained healthy (Sutarto et al. 1986) Commercial 
nurseries in Java, however, use the modified Forkert method 

In Singapore, methods of rambulan propagation were investigated by Chua and Yong 
(1978) in an attempt to identify rapid, commercial methods of propagation They found 
that approach grafting was quicker and more successful than either Forkert budding or 
wedge grafting Six months old stocks were most suitable for use and the grafted plants 
were separated from the scion parent 4-6 weeks after grafting, the level of success was 
more than 90%. 

A pproach uraftinu 

Approach grafting is somewhat cumbersome compared with detached scion grafting, 
largely because of the space occupied by the completed graft and by the high degree of 
horticultural care demanded in watering. Nevertheless, approach grafting may be I00"/o 
successRil, if the necessary time and patience are provided. 

Although approach grafts may be successful at any time, it may be advantageous to graft 
either at the beginning of the rainy season in regions of light rain or at the end of a heavy 
rainy period, the object being to avoid both drought and rain-storms, and yet to coincide 
with a favourable period for growth. 

Spliced approach grafting 

Six to eight months old seedlings are normally used as rootstocks, these may be either 
selected seedlings or vigorous clonal cultivars. The seedlings are raised in polyethylene 
bags, as already described They should be watered regularly and fertilized at monthly 
intervals 

The stock and scion, preferably of equal size, are sliced deeply with flat cuts to match; 
these cuts may be up to 8 or lOcm in length (Figure 13) The cuts must be perfectly 
smooth and as flat as possible to ensure close contact of the cambium layers. The cut 
surfaces are placed together and very firmly tied, taking care that the upper and lower 
ends of the cuts coincide and that tying presses particularly hard at these points. Sealing, 
preferably using grafting wax or tying with polyethylene tape, completes the operation. 

The tying material can be removed after 4-6 weeks. The graft is severed from the parent 
tree and the unwanted stock shoot is removed by pruning 

Tomtued appro ach eraftinu 

The tongued approach graft is the same as the spliced approach graft except that, after 
the first cut is made in each stem to be joined, a second cut - downward on the slock and 
upward on the scion - is made, thus providing a thin tongue on each of the cuts. By 
inter-locking these tongues a veiy' tight, closely fitting graft union can be obtained. 
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A method which is traditionally used in Thailand and Indonesia for rambutan approach 
grafting is sometimes referred to as 'suckle grafting’ Rootstocks are grown in extra long 
polyethylene sleeves and. when the roots are well developed, the sleeves are attached to 
the scion-producing tree with tape or twine, at a point immediately below the proposed 
area of union. The graft union is then made in the traditional manner. Occasional 
watering, using a funnel if necessary, may be required to maintain the rootstock seedling 
in a moist condition Since it is normally attached in the shade of the tree canopy, 
excessive water loss does not take place 

The principal need in approach grafting is to provide a constant supply of moisture to the 
ingrafted plant, accompanied by firm anchorage Ingrafted plants must be firmly 
supponed This is difficult on an elevated platform subject to movement of either 
component by high winds The danger is reduced by tying the components together 
below the graft so that they move in concert Even so, regular attention to high 
platforms is difficult and costly; it is much better to graft close to the ground. The 
optimum method is to have the ingrafted plant plunged or actually planted in the ground 
close to the scion-wood tree where it can be conveniently watered or mechanically 
irrigated Alternatively, the rootstocks are placed on platforms as close as possible to the 
selected scion parent 

Cleft uraftinu 

In the Philippines the rambutan is successfiilly cleft grafted on bulaba (N. inimtwdhim 
Radik ), using non-petioled green to light brown budsticks. The budsticks are cut 10- 
12cm long and are inserted in the stock of the same age, size and colour. 

Two slanting cuts, one (A) slightly longer than the other (B), are made at the basal end 
of the scion, at opposite sides to form a gradually tapering wedge (Figure 14). An 
incision (D) is made in the side of the slock at an angle of about 20° and of sufficient 
depth to permit the insertion of the wedge The longer side of the wedge is placed 
against the stock stem in such a po.sition that the cambial regions of stock and scion are 
in contact. By bending the stock so that the incision (D) is opened, the scion may be 
pushed home more readily The graft is best tied with strong twine and sealed, 
alternatively it may be bound with strong waxed cloth or polyethylene tape to resist 
movement at the graft junction due to swaying of the top of the stock during union 
formation. When union is complete the head of the stock may be cut back close to the 
graft and sealed, but if in doubt this should be done in two or three stages 

Air laye r ing (M arcot t ing. Coot ee) 

Air layering can be carried out at any lime of the year, if sufficient soil moisture is 
available, but the best results are obtained during the wet season In Thailand, the 
'Seechompoo' cultivar has been shown to be very responsive to air layering, with or 
without the use of grow'th-promoting chemicals It has been demonstrated that relatively 
immature branches, up to lOmm in diameter and 30-40cm long, have given good results 
with this technique, producing rooting percentages of 80% and above 
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Air layering techni oue 

1 he basic operation of this method, which is also called marcotting or gootee layering, is 
to girdle a shoot and surround the wound with moist material until roots emerge. The 
rooted shoot is then severed from the parent and established as a new individual This is 
a reliable, though somewhat tedious, way of propagating very many woody plants 

Young shoots, with a fast growing potential in a position on the parent tree where there 
is adequate light, respond best to marcotting. Firm shoots which are sufficiently lignified 
to withstand the necessary manipulation, yet young enough to respond to treatment, 
should be selected It has generally been found that one-year-old shoots, with a good 
supply of leaves and leaf-buds, are ideal for rapid root initiation and deselopment 
Successful root initiation will largely depend on the downward How of essential 
substances from the developing leaves and shoots which are growing above the marcot. 

Gird ling and woundine 

It has sometimes been suggested that slicing, notching or cutting half-way through the 
shoots being propagated are alternatives to complete girdling or cincturing, but these 
partial interruptions of the downward movement of materials arc less effective than 
complete girdling. 

As to the best season for the operation, work in various countries has shown that there is 
no major advantage in choosing a particular month. The condition of the shoot is the 
important factor, it should be young and active but not too soft, and one or two-year-old 
shoots have generally proved the most suitable 

The position of the girdled area is relatively unimportant but it should be placed where it 
can be conveniently wrapped and be supported cither by being tied to a neighbouring 
branch or to a stick or cane Suitable shoot sizes above the girdle have varied from 24 to 
60cm in length and from pencil thickness up to 1.25cm in diameter. 

The girdling is carried out by removing a complete ring of bark (Figure 15) 
Recommended widths have varied from 0.3 to 7 6cm, The essential aim is to prevent the 
downward movement of carbohydrates and growlh substances so that they accumulate 
above the girdled area and are available for the initiation and development of roots. This 
interruption of flow should be as complete as possible without interfering with the 
upward passage of water and other materials to the shoot above A 2.5cm wide girdling 
is generally considered appropriate and is recommended for use in Thailand The girdle 
is made by two encircling cuts and the removal of the intermediate rind. The operation 
can be done either with a sharp knife or with a double bladed tool. These cuts should 
not enter the wood (xylem) of the shoot for this not only checks the upward sap flow 
but, by weakening the shoot structure, increases the risk of loss by breakage 

Synthetic growth substance s 

It has become customaiy to apply synthetic growlh substances to the upper part of the 
girdled area and to about 2.5cm of the bark immediately above it (Figure 15B) This is 
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not essential but has generally proved helpful in promoting root formation and in 
increasing the number and length of roots. Many substances have been used with 
success, the most popular being indole acetic acid, indole butyric acid and naphthalene 
acetic acid, or mixtures of all three substances In general, indole butyric acid appears to 
be the most widely used root promoting substance 

Rootine media 

The choice of the rooting medium to place around the girdle has been widely studied and 
the present view is that a wide range of media can be successfully used in various 
localities. A good medium should be open in structure, to permit air and moisture 
movement, and it should also be able to retain its structure throughout the rooting 
process. It should therefore not ferment or otherwise break down, hence live sphagnum 
moss has been widely accepted as a basis, but coir fibre and coir dust, wood shavings and 
sawdust have all proved excellent as basic ingredients. Vermiculite alone is superior to 
fibre, moss, coir, sawdust or a 50/50 mixture of vermiculite and sand 

It is an advantage if the selected material is light in weight and holds together whilst 
being placed in position during the wrapping procedure. Whilst an open, light-weight 
medium provides an excellent rooting environment, the main hazard in marcot 
propagation occurs during transference and establishment It appears that transference 
to soil or compost, whether in containers or in the open nursery, is more readily 
accomplished if the marcotting medium contains a proportion of loam or clay soil 

Wrappini’ technique 

The fibrous material should be thoroughly wetted and squeezed free from excess water at 
the moment of application. It may be convenient to pack the material around the girdled 
area before placing the wrapping over it, an alternative is to place the medium on the 
wrapping and lift it into position. Polyethylene sheet is an ideal wrapping material, being 
both water-tight and transparent and avoiding the need to water the marcot; it also 
allows for the new roots to be seen when they come through the rooting medium The 
polyethylene film must be thin enough to be wrapped and folded round the shoot to form 
an air-tight enclosure and thicknesses of from 0.025 to 0 1mm are suitable. Thicker films 
are difficult to fold sufficiently tightly to prevent drying of the enclosed medium. 

The lower end of the wrapping is closed by twisting it firmly round the shoot; it is then 
tied or taped with plastic strip or strong adhesive tape (Figure 15) The medium is 
firmed below the open top, using the lingers, before tightly taping. The wrapping and 
tying must be done in such a way that no opening is left for evaporation from the 
medium. The tie at the top end should always begin on the bare shoot and be spiralled 
down on to the wTapping to prevent excessive rain seeping down into the marcot In 
spite of all wrapping precautions, marcols can sometimes become waterlogged This 
appears to be due to the overheating of plastic-wrapped marcots by direct sunshine 
followed by heavy rain w'hich, flowing down the shoot, rapidly cools the marcot, setting 
up a strong suction pressure which draws w'ater into the marcot through even the 
smallest opening. An outer loose covering of a strong, protective material such as rubber 
sheeting will reduce excessive water intake. 
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Figure 14. Side cleft graft (Source: Walter, 1976) 




Figure 15. Air layering. A = Shoot ringed; B = Painted for one inch above the ring 
with growth substance; C = Rooting mediiini; D = Film enclosure; F. = Support by 
a neighbouring branch (Source; Walter, 1976). 
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Estab lishi nu rooted air l ayers 

When the marcot has rooted sufficiently to ensure successful transplantina. in 
approximately 60-90 days and when the developing roots change from white to cream- 
brown, the procedure of separation should begin Ideally, this is done in stages, the 
branch is half severed close below the wrapping and is completely separated one or two 
weeks later. At separation, the rooted marcot is vulnerable to adverse weather 
conditions and it is advisable to place it in a container, keeping it in semi-shaded 
conditions with regular watering It should be provided with similar conditions to those 
given to young seedlings, including adequate nutritional treatment to build a fully self- 
contained plant ready for transplanting 

Problems relating to the establishment of separated marcots have been discussed by 
Cortez and Bait (1972), Valmeyor et a! (1961) and others. It has been suggested that the 
survival rate could be improved if leaf-shedding can be minimized and if the marcots are 
not disturbed until the roots have been firmly established 

Etiolation layer ing 

Laver bed production 

To form a layer bed. young plants of the cultivar or rootstock to be propagated are 
planted at an angle of 45°, in single rows, all the plants being inclined in the same 
direction to form a continuous line of shoots when laid down (Figure 1 5A) Rows are 
normally spaced 1.8m apart When the plants are well established, nontially after one 
growing season, they are pegged down flat in shallow trenches along the rows The use 
of metal pegs, or stout wire bent in the form of a 'U' is recommended (Figure 16B and 
D). The pegging down is made easier by first removing a few centimetres of soil from 
close under the parent stem, this also reduces the risk of stem breakage When the 
shoots are being pegged down, as many leaves as possible should be bent upwards and a 
friable compost placed beneath the leaves so that the leaf-blades remain in the light .A 
compost depth of 5cm is adequate. A light overhead shade, provided by trees, plastic or 
lath structures may be an advantage 

As the new’ shoots grow up through the layer of soil, a further 2 5cm or so of soil is 
placed over them (Figure 16C). No soil is added where shoots have not yet appeared 
This process is repeated two or three tintes, as the shoots develop It has the effect of 
ensuring the etiolation of the first 2.5cm or so of the young shoot and it is from this area 
that roots will eventually arise Without this etiolation there will be little or no rooting 

After the initial earthing up, and when the shoots have grown 8 or lOcm above the soil, 
earth is again added to cover half the height of the shoot Further additions arc made, at 
intervals of a few weeks, until the bases of the shoots are buried to a depth of 15 or 
20cm, but at no time should the shoots be buried to more than half their total length. 

At the end of the growing season, the soil is drawn away from the bases of the shoots 
and the rooted shoots are removed at their juncture with the parent layer. If all the 
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Figure 16. The etiolation method of layering. A = Newly planted parent; li - 
Established and pegged down one year after planting; C = Rooted shoots on the 
parent layer one year later; D = Home-made wooden pegs with 2-inrh wire nail 
near upper end; E = Wire (gauge 10) doubled for pegging down slender shoots 
(Source; Walter, 1976). 
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shoots are rooted, some of the most vigorous ones must be left for further pegging 
down, one strong shoot per 30cm of row is adequate 

Coronel (1983) has also commented on this method of propagation He recommended 
that, when the shoots are about 30cm long and the stems have become slightly woody, 
the soil should be removed and a circle of fine wire tied around the shoot, immediately 
above the junction of the etiolated shoot and the main branch. He also stated that an 
alternative method of inducing root formation is to girdle the shoot base, as in air 
layering The soil is replaced and roots develop from above the ringed or girdled shoot 
after 2-4 months. When the roots are well developd. the shoots are severed from the 
main branch and are planted in polyethylene bags to become established before planting 
in the orchard 

Shoot or branch layering 

This traditional technique, which consists of bending down a branch, preferably a young 
one, and burying it in the soil or in compost contained in a polyethylene bag has been 
referred to by Pynaert (1955) but this practice is rarely followed now, except possibly by 
home gardeners 

PROPAGATION BV CUTTINGS 

In general, rambutan is difficult to root using stem cuttings although several reports of 
partially successful techniques have been gisen In the Philippines, successful 
experiments have been undertaken, using mist propagation and grow'th promoting 
chemicals, such as indole butyric acid at 50-l00ppm, on the rooting of stem cuttings. 
The rooting percentage and surv ival rate of rooted cuttings was improved, also the level 
of root production, length of roots and time required for rooting. Plants rooted from 
cuttings, however, are generally lacking in vigour and the propagation of rambutan 
cannot therefore at present be considered to be a viable method for commercial 
propagation. 

TISSUE CULTURE 

This technique is still being developed but some initial research findings have been 
recently published In Indonesia, anther culture of 6 selections of rambutan at the 
uninucleate stage of microspore development were cultured in MS and Nitsch (NN) 
media, with 2,‘1-D, NAA and kinetin added at various concentrations (Imelda et al., 
1988) It was observed that only anthers from functional male plants of the selections 
'Binjai' and 'Babat' produced a compact callus and then only on the NN medium with 
NAA or 2,4-D and kinetin added. Kinetin was noted to be essential for callus formation 
but, at concentrations above I mg/litre, it proved to be inhibitory 
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CHAPTER 6 

ORCHARD ESTABLISHMENT, TR,\INING AND PRUNING 
ORCHARD ESTABLISHMENT 
Site selection 


Climatic conditions 


One of the major factors to be considered in selecting a planting site is the prevailing 
climatic pattern in the locality concerned The range of climatic factors which are 
suitable for rambutan cultivation have been outlined in Chapter 4 where the most 
favourable regions are described as existing within 12“ of the equator, at altitudes up to 
6-700m where the temperature range is 22-30°C and with an annual rainfall of 2,000- 
5,000mm which is preferably distributed over 8 months of the year A fairly high level of 
humidity is also essential and exposed sites, with excessively strong winds, are not 
generally acceptable, unless provision is made for effective windbreaks and the 
conservation of soil moisture, usually by mulching 

Rambutan may be grown in marginal areas which do not conform to the above 
recommended range of conditions but. in such areas, yields are likely to be affected, also 
possibly fruit quality. Bearing may become annual, as opposed to the two crops per 
annum which can be obtained under optimum conditions and, in areas where trees are 
liable to water stress, irrigation will be essential 

Topouraphv 

Slightly sloping or relatively flat land is preferable although trees will grow well on land 
with slopes up to 10-15°. In the wetter areas, it is advisable to plant on slight slopes 
since rambutan is extremely sensitive to high moisture levels in the soil and good 
drainage is essential for satisfactory growth On steeper slopes, some form of contour 
planting or terracing may be required, to prevent soil erosion, particularly in the early 
stages of growth. Cover crops may also be necessary', as a means of conserving the soil 
(Chapter 8) On a home-garden scale, on relatively sloping land, some form of D-shaped 
terrace may be built around the base of individual plants to prevent surface erosion and 
increase the availability of water to the root system. 

Soil conditions 

These have already been referred to in Chapter 4 Medium clay or sandy loams and 
alluvial soils with a fairly high organic matter content are preferable but heavy clays, peat 
or extremely sandy soils will prove difficult to manage and will not produce vigorous and 
high-yielding trees A good soil structure, with efficient drainage, is essential for 
-.atisfactory growth. The site should be assessed for soil suitability by excavating test 
holes at random over the whole area These should be dug to a depth of at least 15m so 
that the soil profile can be examined and checked for the presence of rocky or clay 
subsoil deposits Rambutan tree roots are not generally deeply penetrating but hard 
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deposits or pans at levels less than 3-4in will seriously impede root development Soil 
pH should ideally be in the range 5 5-7.0. 

Irriuation availability 

Particularly in areas where the rainfall is lower than the optimum, or where rainfall 
regularity is uncertain, access to an adequate source of irrigation water must be 
confirmed before the site is selected These sources include boreholes, rivers, canals and 
ponds The quality of the water should be checked, by analysis, to ensure the absence of 
salinity and the costs of pumping the water to the orchard site should be included in the 
production costs, where commercial enterprises are being considered. 

Access to market 

Wherever possible, the site selected should be fairly close to a main road, particularly 
where commercial orchards are being considered, otherwise considerable expense may be 
incurred in constructing access roads for produce intended for market 

Availability of labo ur 

The rambutan is essentially a labour-intensive crop and an adequate supply of labour of 
an appropriate quality will be essential; labour costs will also be a significant factor in 
assessing the feasibility of establishing a commercial orchard 

P lanting density and orchard layout 

Commercial orchard systems 

Rambutan trees require full access to light and any decisions on plant density and tree 
arrangement must take into account the estimated size of the mature tree, particularly the 
canopy width and height of the cultivar or cultivars to be planted, the climatic and soil 
conditions of the locality should also be considered since both these factors will have an 
influence on tree vigour. In cooler areas, tree growth will generally be slower than it 
would be in more favourable conditions. In marginally fertile soils also, a closer planting 
distance than normal should be chosen, to reflect the reduction in tree size which will 
result. On sloping land, it will be necessary' to adapt the planting distances to take 
account of the contours. 

The planting systems used in commercial orchards in the various producing areas are 
variable, reflecting the differences in climate, soil, cultivar behaviour and the management 
systems used In general, however, tree rows are planted in a North-South alignment, to 
promote full light interception A square planting system, with a spacing of 10- 12m x 
10- 12m, giving a planting density of 100-70 trees/ha respectively, is widely popular but 
variations on this layout are used in some areas These include the 'revolving square' 
system, with a central tree established within the square; this is normally removed at 
about 8-10 years of age, to promote light penetration to the canopies of the remaining 
trees. 
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Rectangular or diamond pattern plantings, such as are used for litchi and some other fruit 
crops, are rarely used for rambuian Similarly, high density planting systems, in which 
trees are closely planted for the first 6-10 years, often at a spacing of 5-6ni x 5-6m, and 
are then thinned, have not yet been widely adopted The planting systems described 
above apply essentially to mono-cropped commercial orchard enterprises but, for home 
gardens, similar spacings between trees should be used 

Interplantine patterns 

In some countries, particularly in Thailand, interplanting with durian {Diirio zihethinus 
Muit ) is a fairly common commercial practice. Both trees will produce harvests for 
several years and, when the durian trees overshadow the rambutan trees, the latter are 
removed. 

The traditional practice of planting 1 male tree to pollinate 8-10 functionally female 
hermaphrodite trees is still followed in some producing areas However, it has been 
observed that adequate fertilization often occurs in orchards planted with a mixture of 
clonal cultivars (Chapter 3). 

The use of plant growth regulators such as NAA has also been found to be an effective 
means of promoting fruit set (Chapter 8) 

Plantinit systems in major growing areas 

The current planting distances and orchard layout patterns followed in the main 
production areas are as follows; 

The most popular planting distances are 10 x 10m (100 trees/ha) or 12 x 12m (70 
trees/ha) on a square planting layout A modified quincunx design, which can also be 
regarded as a triangular planting layout, has also been adopted in some areas This is 
essentially a square planting layout with plants spaced at 10 x lOm or 12 x 12m, with a 
central tree which is removed about 8-10 years from planting This arrangement gives a 
planting density of 125 (10 x 10m) or 88 (12 x 12m) trees/ha. 

Philippines 

For average soils and conditions, trees are established at 10 x lOm (100 trees/ha) but this 
is usually increased to 12 x 12m (70 trees/ha) where particularly fertile soils are available, 
to allow for the increased vigour of the trees 

Australia 

Commercial orchard planting densities vary between 80-120 trees per hectare, a square 
planting layout is normally used, with a preference for a spacing of 10 x lOm for the 
moderately-sized cultivars and 10 x 12m for the more vigorous cultivars such as 
Rongrien, R9 and R156. 
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Land preparalion 

A thorough preparation of the planting site is essential since the rate of growih and 
ultimate productivity of the trees will largely depend on an early and vigorous rate of 
development. 

Soil analysis 

If not already carried out in the initial site selection study, a soil analysis will be required 
to determine the nutrient content which will provide a basis for future fertilizer 
applications (Chapter 7) This will normally involve the removal of soil cores by using 
soil augers Several samples may be thoroughly mixed together in order to obtain a 
mean sample for analysis. The analysis should assess the status of the main soil elements 
and should also provide an indication of potential trace element deficiencies. The pH 
level should also be accurately determined since it may be necessary to apply remedial 
treatments of, for example, dolomite on an alkaline soil which could produce a potential 
magnesium deficiency, or sulphur to an acid soil (Chapter 7) 

Site levelling and terraci ng 

For relatively flat land, little levelling will be required but, for undulating land, it may be 
necessary to use relatively heavy machinery such as a land grader to obtain a fairly level 
surface. This operation will facilitate inter-row access for spraying machinery and 
trailers which may be used for the collection of harvested crops. 

If the land has a fairly steep slope, however, it will be necessary to construct contour 
terraces These are usually retained by earth banks and can be prepared with machinery' 
but, on a home garden scale, stone terraces can be constructed if the slope of the land 
justifies this and if a supply of stone is available 

Access roads and irriuation faciliti es 

The levelling operation should be integrated with the construction of access roads and 
any reservoirs required for irrigation; both of these operations will involve the use of 
heav 7 machinery The irrigation system to be used will also be planned at this stage and 
any necessary preliminary installations carried out such as the laying of main supply lines. 

Cultivations 

Where the size of the enterprise justifies the use of soil cultivating machinery, the land 
should be ploughed during the dry season to a depth of about 20-25cm, followed by 
harrowing. In soils which have been previously cultivated, subsoiling may be required to 
break up existing compact layers or pans If however, the land has not recently been 
cultivated, it will be necessary to remove all tree stumps, woody shrubs or perennial 
weeds and large stones; it may also be necessary to plough and harrow several times to 
obtain a satisfactory soil condition The ploughing and harrowing operations should 
preferably be completed several months before planting Cover crops can, with 
advantage, be established after the cultivations have been completed (Chapter 8) 
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Planting operations 
Planting hole preparation 

Planting holes should preferably be excavated up to 4 weeks before the planting 
operations begin; these are normally carried out at the beginning of the rainy season. 
Holes should ideally be Im x Im x Im in marginally fertile soils but, in good quality soils, 
this may be reduced to 60 x 60 x 60cm On a large commercial scale, wide tractor- 
mounted augers can be used for excavating the planting holes but, if labour is available, 
hand excavation is preferable since it is then possible to separate the topsoil from the 
subsoil 

For refilling the holes, organic material and fertilizers are normally used The topsoil is 
usually mixed with well decomposed organic matter in a ratio of 2 parts of organic 
matter to 1 part of topsoil and l-2kg of rock phosphate are also added to the mixture 
For soils which are relatively low in fertility, 200-300g of a complete 15-15-15 fertilizer 
should also be added and the organic matter:topsoil ratio increased to 3:1 Soils which 
are likely to be subject to a magnesium deficiency, as indicated by the soil analysis, 
should also have dolomitic limestone added to the planting hole at a rate of 200g per 
hole 

More specific recommendations have been made by Almeyda et al.(1979). They 
recommended that the following mixtures be added to planting holes 3 months before 
planting: 

30kg animal manure, well decomposed, 

50g urea or lOOg of sulphate of ammonia, 

SOg triple superphosphate 
50g potassium sulphate; 

500g of magnesian limestone (dolomite) 

The refilled planting hole should be left with a raised mound, approximately 12-1 5cm 
high, to allow for the soil to consolidate and sink 

Plantim; technioue 

If the irrigation system has already been installed, planting can begin before the onset of 
the rainy season but it is usual to plant at the beginning of the rains, preferably during 
humid, cloudy weather The plants should be carefully transponed from the nursery, 
avoiding damage to the root system. Plants will normally be in polyethylene bags which 
are carefully removed by slitting them down each side with a sharp knife 

The budded or layered plants must be carefully handled, preferably by holding the base of 
the stem, during planting since the roots are particularly sensitive to damage A hole, 
equal to the dimensions of the ball of earth surrounding the roots, is dug in the centre of 
the planting hole and the plant is lowered into it Loose, friable soil is used to fill in the 
space around the root ball and is pressed firmly with the fingers, to ensure close contact 
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of the roots with the soil. Plants which have been correctly planted should have 
recovered from transplanting check within two months 

In Thailand, it is now customary for budded and layered plants to be raised in the 
traditional bamboo basket, this is planted as described above, complete with basket The 
main advantage is that there is minimum root disturbance, root damage on transplanting 
is one of the main causes of establishment failure (Ruamasuke. unpublished data) 

At the time of planting, it is recommended that the plants be staked, to protect them from 
being damaged by wind or cultivations. Stakes, which are up to 1.5m long, should be 
inserted alongside the plant at the time of planting, care being taken not to disturb the 
roots. The young shoots are attached to the stake by plastic ties 

Watering immediately after planting is essential and should be repeated at regular 
intervals, at least 3 times each week for the first month, to ensure an adequate soil 
moisture supply for the young root system. Watson (1984) has recommended that 25-40 
1 per tree should be applied immediately after planting and that watering should be 
continued regularly throughout the dry season The water should be applied particularly 
to the root ball 

A mulch of organic material should also be applied around the base of the plant to 
conserve soil moisture, particularly if the rainfall is irregular during the planting period 
(Chapter 8). 

Subsequent fertilizer treatments have been outlined by Almeyda et a! (1979). They 
suggested that, at intervals of 3 months during the first year, lOOg NPK (6-6-6 or 8-8-8) 
be applied to each tree. During the following years, fertilizer is applied every’ 5 months, 
the rate gradually increasing to 250g per plant After 5 years, only nitrogen and 
potassium are applied once or twice per year, 

Shadinu and wind protection 

Shading will be required, during the first 6-8 months from planting, particularly if the 
weather is sunny, to prevent excessive transpiration taking place from the young leaves. 
A thatch of coconut or oil palm leaves, supported on 4 stakes arranged in a square 
around the plant is usually adequate but plastic shade netting is also frequently used in 
commercial practice 

Where young plants are exposed to relatively strong winds, protection from excessive 
transpiration and leaf damage is also required If a rapidly growing windbreak hedge has 
been previously planted, this may be adequate, but, as a temporary measure, it may also 
be necessary to protect individual plants from wind (Chapter 8) This is achieved by the 
insertion of leaves of coconut, oil palm or other large leaved trees around the young 
plants. A more effective method is to use 60- 1 00cm high screens of hessian or plastic 
sheet, attached to pegs and arranged around 3 sides of the plant as a windbreak against 
the prevailing wind If the supports for the overhead shading are sufficiently firm, the 
temporary windbreak material can be attached to them 
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TRAINING AND PRUNING 
Trainin^ for shape 

Most rambutan clones have a tendency to form a dense central crown if unpruned but. in 
general, mature trees rarely require extensive pruning. In the early stages of growth, 
however, it is essential to ensure that the eventual framework of branches will grow in a 
manner which will produce optimum yields To obtain this configuration, early training 
of branches so that they are evenly spaced and with a wide crotch angle (angle between a 
lateral branch and the main trunk) will be necessary. Rambutan cultivars vary in their 
vigour and the ultimate canopy height and spread reflect the general growth 
characteristics of cultivars, these may, however, be modified by soil and climatic 
conditions (Chapter 4). 

A previously popular system of training, used particularly in Thailand and Malaysia, was 
to prune the leading shoot and lateral branches fairly heas ily each year during the early 
stages of grovs-th so that they resulted in the formation of a very compact, relatively low- 
growing bushy tree The advantages of this system were that harvesting was relatively 
easy and wind damage to the branches was rare The disadvantages were that pest and 
disease control and subsequent pruning were dilficult to carry out effectively (Muchjajib, 
1990) 

Another system, also practised in Thailand, was to cut out all shoots growing in the 
centre of the tree This resulted in the production of long, bare branches, reducing the 
effectiveness of transport of food materials and promoting early decline of the pruned 
branches 

The current preference, particularly in Thailand, is for the modified leader system, 
particularly with the cultivar 'Rongrien' The objective is to build up a strong framework 
of branches by allowing the main shoot to grow to about 70cm in the first year, before 
the tip is removed. At this stage, 3-4 strong, lateral, wide-angled branches should be 
developed. These branches will form the main framework of the tree and are pruned in 
the second year to encourage the production of secondary lateral branches. 

Annual pruning 

Once the main framework of the tree has been established, annual pruning is relatively 
light It consists mainly of the removal of water sprouts (fleshy, succulent shoots arising 
directly from the main trunk), pest or disease infected shoots and dead branches 
Crossing branches are also removed, as are low-lying branches which are likely to come 
into contact with the soil during the fruiting season 

In some producing areas, including Thailand, the panicle remains are pruned away after 
harvesting to induce a vigorous canopy regrowth (Watson, 1984). 
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Reuenerative pruni ni; 

When trees are about 20 years old, they generally shovs signs of a decline in yield At 
this stage, rejuvenation of the tree may be undertaken, unless the degeneration is so 
severe that replanting is the only feasible alternative (Chapter 8) The usual method is to 
reduce the length of the main branches by about one-third during a relatively dry' period, 
when active growth is minimal All cuts should be sealed with a proprietaiy sealing 
compound or bituminous paint to prevent infection by diseases Cuts should be made in 
a sloping direction so that water will not collect on the cut surface Trees pruned in this 
manner will normally begin fruiting two years later 
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CHAPTFR 7 

FERTILIZER USE AND IRRIGATION TECHNIQUES 
FERTILIZER USE 

Nutritional requirements of rambulan 

Rambutan has similar nutritional requirements to many tropical fruits, particularly the 
litchi (/-(7c/?/ chinense Sonn.) to which it is closely related Detailed nutritional studies 
on rambutan are, however, quite limited and have tended to be concentrated mainly on 
deficiency disorders As a result of this shortage of data, producers in many countries 
have made extensive use of their own observations and experiences in adopting fertilizer 
regimes for their orchards Many of these practical-based recommendations have proved 
to be very effective. 

Small scale growers and home gardeners rarely use chemical fertilizers and most of the 
nutritional requirements of their crops appear to be adequately met by the use of mulches 
and organic manures, particularly chicken manure Additionally, since many home 
garden trees are seedlings, their vigorous root systems are able to penetrate quite 
extensively into the subsoil, enabling them to obtain an adequate nutrient supply. 

As with many other fruit trees, environmental factors determine, to a significant extent, 
the nutritional status of the tree. Soil fertility, soil pH and soil composition and structure 
can have a direct influence on the fertilizer demands of trees (Chapter 4), good drainage 
is a particular requirement of the rambutan 

Also important are the specific nutritional requirements of some cullivars Some are 
vigorous in growth and will require a higher nutritional input than other less vigorous 
cultivars. Some cullivars also have a more extensive, fibrous lateral-rooting habit than 
others and these will therefore require relatively frequent but light fertilizer dressings to 
maintain these sub-surface roots in an actively growing condition 

There is also a periodicity in fertilizer requirement Mature plants obviously require 
higher levels of fertilizer than more juvenile ones and it is generally accepted that basal 
dressings of fertilizer should only be applied after budded or grafted plants have become 
well established in the orchard Leaf flushes and periods of active growth, particularly in 
the two months before flower initiation, should be supported by adequate fertilizer 
treatment and the period from flowering to fruiting will also make heavy demands on the 
nutritional resources of the plant Another critical period for fertilizer application is 
immediately after harvesting and pruning, when, in well-managed orchards, the 
application of both fertilizer and irrigation to promote a new leaf flush can be of 
considerable benefit to the following crop (Watson, personal communication) During 
dry periods, when growth is minimal, trees will not normally require heavy dressings of 
fertilizer. 

As with all fruit trees growing in a high rainfall tropical region, the soils of a rambulan 
orchard will be subject to extensive leaching, particularly if they arc not occupied by a 
cover crop. This will result in the removal of the most soluble nutrients, particularly 
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nitrogen and potassium, and may also promote the loss of minor or trace elements such 
as zinc, iron and copper The availability of trace elements is also likely to be inlluenced 
by the pH level of the soil which, if particularly alkaline, may induce the non-availability 
of trace elements; major nutrients, such as phosphorus, may also be less available under 
such conditions 

The level of organic material present in soils is also a factor regulating the availability of 
soil nutrients Soils which have a good organic matter content will retain significantly 
more nutrients than those which are lacking in organic matter and therefore, in sandy 
loam soils, it is necessary to compensate for the loss of nutrients by more frequent 
applications of fertilizer The use of organic mulches and the application of organic 
manures, in addition to chemical fertilizers, is also beneficial, particularly in well drained, 
sandy .soils 

The efficiency of the orchard management is also a major factor in ensuring that the trees 
are adequately supplied with the nutrients they require 

Studies by Ng and Thamboo (1967) in Malaysia showed that one hectare of a rambutan 
orchard with 70-80 trees/ha and yielding 6,720kg of fruits annually, removed from the 
soil each year; 13 4kg of nitrogen. 1 80kg of phosphorus, 10 2kg of potassium. 4 84kg 
of calcium and 2 47kg of magnesium Investigations on the nutrient content of rambutan 
fruits showed that more than 50% of the total potassium, calcium and magnesium 
content is located in the fruit pericarp The pulp contained between 20-40% of the total 
nitrogen, phosphorus and potassium 

These findings indicated that rambutan, in common with many other tropical fruit crops, 
has a particular requirement for nitrogen and potassium The application of fertilizers is, 
therefore, essential for both the promotion of vegetative growth and fruit production, it 
has also been reported (Helen, 1976) that fertilizers can directly influence both fruit size 
and fruit quality 

Soil and leaf a nalysis 

A comprehensive soil analysis is an essential pre-requisite in assessing the suitability of 
sites for rambutan cultivation (Chapter 6) Based on the findings of this survey, it is 
possible to estimate the potential demand of the trees for the major nutrient elements and 
a fertilizer programme, to begin in the year after tree establishment, can be drawn up 
The requirements of various soils under dilTerent climatic conditions is reflected in the 
existing practices, outlined under the section Recommendations for specific countries 

After 3-4 years of growth, when fruiting begins, leaf analysis can become a routine 
practice in the orchard. Full details of the procedure adopted for collecting litchi leaf 
samples for analysis have been given by Galan Sauco (1989) and these are equally 
appropriate for the rambutan. A routine inspection of trees must be carried out at 
regular intervals and any signs of nutrient deficiency, as evidenced by leaf distortion, 
necrosis or chlorosis, should be immediately followed by laboratory sampling to identify 
the cause. The appropriate corrective measures can then be adopted and prevention of a 
recurrence catered for by the institution of routine applications of the element involved 
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Very few studies on the mineral content of rambutan leaves appear to have been carried 
out but. at the Soil Science Department. Universiti Pertanian Malaysia, Serdang, an 
analysis of the leaves and twigs of rambutan budwood trees indicated a mean nutrient 
concentration of: 1 . 14%N, 0.25%P and 0.82%K Similar studies on the leaves of young 
rambutan trees on the same site showed that the levels of N and P were higher at 
1,32%N and 0 42%P but that the level of K was lower at 0.66% (Yaacob, unpublished 
data). This could indicate a rapid rate of assimilation of K It is known that potassium is 
particularly active in promoting the flowering of rambutan 

Nutritional deficiencies 

These include both major and trace elements and are most likely to occur on alkaline 
soils although very acid soils can also be subject to a nutritional imbalance Growing 
rambutan on calcareous soils is generally uneconomic, due to the non-availability of trace 
elements The following elements arc those most frequently associated with rambutan 
nutrition: 

Potassium deficiency 

Both seedlings and mature trees may show a form of leaf necrosis (Adalia, 1972; Coronel 
and Manlisis, 1972) This begins as a brown spot appearing at the tips of mature leaves 
As the deficiency increases, the leaf margins become brown and have a scorched 
appearance In severe cases, the necrosis spreads towards the midrib and eventually the 
entire leaf-blade may become affected and falls off This disorder appears first on the 
older leaves but will eventually also affect younger leaves, it also usually appears during 
the dry season, being promoted by water stress in the plant It can be prevented by 
ensuring that the potassium status of both the soil and plant are kept at an optimum level 
by regular applications of fertilizers containing potassium 

Iron deficiency 

This appears as an interveinal chlorosis and usually occurs on young plants raised under 
nurserj' conditions (Manlisis, 1972; Coronel and Manlisis, 1972, Coronel and Manlisis, 
197.3). The deficiency first appears on very young leaves and is seen as a network of 
light green veins on a yellow background Slight deficiencies may be difficult to identify 
but, in severe cases, leaves may become almost completely yellow, they will also be 
smaller than normal leaves and seedlings may become stunted, eventually dying, f.eaves 
which are seriously chlorotic may contain very low quantities of iron, as low as 22 ppm 

Seedlings which are affected can be successfully treated by spraying them with a ferrous 
sulphate solution at a concentration of 500 ppm I-im (1985) recommended the use of 
chelated sequestrenc 138 to prevent a deficiency of iron, particularly in young plants 
The solution was prepared by dissolving lOg of the material in 4 litres of water which 
was then sprayed around the young plants, thoroughly wetting the soil. It has been 
observed that very alkaline soil conditions can contribute to this disorder, indicating 
immobility of the ferrous ions. 
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Nitrogen deficiency 

The growth of branches and leaves is generally stunted, leaflets are small and chlorotic, 
with slightly curled margins The root system is also restricted in growth and flower 
production is reduced A deficiency may be corrected by applying nitrogenous fertilizers 
such as sulphate of ammonia and foliar sprays of urea are generally effective, particularly 
on young plants. 


This is rarely serious but, when it does occur, leaves may become necrotic and tinged 
with purple Root growth may be restricted and flowering may also be aflected. The 
application of triple superphosphate is normally sufficienl to correct this deficiency 


Matinesium deficiency 

The main symptoms arc a reduction in the size of the leaflets which also develop 
chlorotic areas between the leaf veins. Leaf drop, poor flower development and limited 
root development may also occur if the deficiency is acute Foliar sprays of 1-2% 
magnesium sulphate and the incorporation of dolomitic limestone into the soil around the 
base of the tree are normally recommended 


Calcium deficiency 

Margins of leaves of affected trees become necrotic and leaf growth is reduced The 
growing points of young plants may also be affected, becoming stunted and brown 
Limited root development may also occur Applications of hydrated lime or dolomitic 
limestone before planting and to established plants are normally efleciive, but care should 
be taken in applying calcareous materials to young plants; only minimal quantities should 
be applied (Watson, personal communication) Foliar sprays of calcium sulphate or other 
calcium compounds, are rarely used 

Zinc deficien cy 

Rarely serious but aflected plants may produce small, distorted leaves. In Queensland, 
Australia, 4 sprays of 2% zinc sulphate per annum have been most beneficial since, 
although zinc deficiency may not be obvious, it may limit the uptake of nitrogen and 
potassium (Watson, personal communication). 

Co pper deficiency 

Leaves become distorted and discoloured but the copper-based sprays used to treat 
various pathogens are normally sufficient to prevent the occurrence of this deficiency 
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Plate 14. Nutrient deticieiicy, possibly magnesium 


Copyrighted material 


82 


Fertilizers used 


Granular types 

These may be 'straight' or single fertilizers such as sulphate of ammonia, which is widely 
used in most growing areas, or compound fertilizers containing nitrogen, phosphorus and 
potassium (NPK fertilizers) The formulation of NPK fertilizers used in the various 
countries shows quite a wide range of variation, as is illustrated in the section on: 
Recommendations for specific countries 

Calcium and magnesium are two elements which are likely to be either lacking or 
restricted in their availability, particularly in alkaline soils, and it has become common 
practice to include either one or both of these elements in the general NPK formulations. 
Where deficiencies are serious, dolomite or dolomitic limestone (calcium magnesium 
sulphate) is added as a separate application Calcium, in the form of hydrated lime, is 
also used in some areas Sulphur, in the form of flowers of sulphur, can be used on 
extremely alkaline soils, as a means of reducing the pH level, the regular use of sulphate 
of ammonia will also lend to increase soil acidity, to some extent. 

Slow-release fertilizers could probably serve a useful purpose in rambutan nutrition, 
particularly in areas which are subject to high levels of rainfall and subsequent nutrient 
leaching 

Solubl e fertilizers 

These are mainly used where drip irrigation is available, the fertilizer being fed into the 
irrigation system via a regulated feed system. Urea in the soluble form is applied by this 
method as are most of the granular fertilizers which have a high level of solubility 

Foliar Sorav s 

Where leaf analysis has demonstrated the deficiency of minor elements, many of these 
can usually be corrected fairly rapidly by applying foliar sprays of compounds containing 
the required element Examples of this are ferrous sulphate, at a concentration of 500 
ppm, for correcting iron deficiency and magnesium and zinc sulphates, applied at 
concentrations of I -2%. 

The effects of applying some foliar sprays to young rambutan fruits were investigated by 
Ruamsuke (1981) in Thailand The cultivar 'Rongrien', 4 weeks after fruit set, was 
treated with a 30-20-10 foliar spray at intervals of 5, 6, 7 and 8 times weekly. 
Statistically, the fruits showed no significant diflerence in fresh weight, peel, pulp 
thickness, total soluble solid percentage and titratable acids and the effect was mainly 
negative It was noted, however, that the total acid from the pulp juice was variable 
from tree to tree as a result of the treatment 

Foliar applications of monopotassium phosphate in a 0-52-34 formulation have been 
recommended for use in Thailand, applied one to two months prior to flower initiation as 


Copyrighted material 



83 


a means of stimulating leaf maturity, reducing leaf flushing and promoting floral initiation 
(Muchjajib, 1990). 

Orua nic manures 

The use of various forms of vegetable and animal residues as organic manures is 
widespread throughout the major growing areas, particularly in home garden production, 
but manures are also used in commercial practice Relatively little quantitative data are 
available on the amounts of organic manure applied per tree but there are indications that 
30kg/tree for fairly mature trees is an average level of application in some areas 

Timing, methods and rates of fertilizer application 

The timing of the application of nutrients will vary in the producing countries, mainly due 
to the relatively wide differences in soil structure and composition, climatic factors and 
cultivar variations in response to these environmental conditions Since very few 
investigations into the nutritional requirements of rambutan appear to have been carried 
out, most of the published data relate to quite specific locations and cultivars Many 
sources also quote data on fertilizer application which have come into general usage as a 
result of trials and observ ations carried out by practical growers 

Optim u m application peri ods 

Muchjajib (1990) has published a table in which the rates and types of fertilizer used, 
predominantly under Thai conditions, have been related to the stage of fmit growth. 
Table 10. 

Table 10. Fertilizer application timetable 


STAGE OF GROWTH 

TYPE AND FORMUL..\T10N OF FERTILIZER 

Prior to flowering 

NPK 8-24-24 or 10-52-17 or 1 5-30-1 5 Foliar spray ofO- 
52-34 (monopotassium phosphate) 

At flowering 

NPKCa 12-12-17-2 plus microelements if necessary 

After fruit set 

NPK 1:1:1 plus microelements and organic manure 

9th week after fruit set 

NPKCa 12- 12- 17-2 or 8-24-24 and 0-0-50 

After harvest 

NPK 15-15-15 plus urea or sulphate of ammonia and 
ori;anic manure 


Source Muchjajib (1990) 
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Stage of maturity of tree 

During the first two or three years of growth, trees w ill require a relatively low level of 
fertilizer application, particularly if they have been planted correctly in an adequately 
prepared soil. As growth develops, however, these requirements will rapidly increase 
and it is generally accepted that a 3-year old tree, on the point of fruiting, will require 
about 0.5kg of an NPK fertilizer/annum As growth progresses, this will normally rise to 
a requirement for up to 1kg of NPK fertilizer/annum. It is also common practice to 
relate the age of the tree to the number of kilogrammes of NPK required per annum, 
increasing the rate by up to I kg/tree/annum, applied in three equal applications A tree 
which is 10 years old would therefore receive applications of 10kg of fertilizer/annum 
(Muchjajib, 1990). This somewhat empirical practice appears to have proved 
appropriate in some areas. 

Critical periods for fertilizer application appear to be before flowering, during flowering 
and fruit set, several weeks after fiuit set and after harvest (Table 10). It appears 
probable, in the absence of any significant research or experimentation in this area, that 
these are the most appropriate physiological periods during which plants require 
additional stimulus in the form of readily available nutrients 

Methods of fertilizer applicat ion 

The three most widely used application methods are: broadcasting, placement and the 
use of foliar sprays 

Broadcastim; 

A commonly used method for applying granular fertilizers The main restriction on this 
method is that the fertilizer should only be lightly raked or forked into the top few 
centimetres of soil. Rambulan has a fibrous root system growing close to the soil surface 
which is particularly sensitive to soil disturbance It is wasteful to apply fertilizers close 
to the trunk of mature trees since the main mass of actively feeding roots is generally 
found below the fringe of the leaf canopy. .A wide band of fertilizer, broadcast below the 
perimeter of the tree canopy, is therefore the most eflective practice When dolomite or 
lime have to be applied to highly acid soils to increase the soil pH, these arc usually 
broadcast over the soil surface and lightly harrowed in; this operation is preferably 
carried out before planting 

Fertilizer pl ac emen t 

In some regions, particularly southern and eastern Thailand, organic manures are applied 
in a trench placement technique A trench about 30cm deep and 50cm wide is excavated 
approximately below the edge of the tree canopy This trench is filled with well- 
decomposed manure which is then covered with the e.xcavated topsoil (Yaacob, personal 
communication). Also in Thailand, granular fertilizers are often applied either during the 
dry season or the fruiting period by placing them in a furrow 5- 10cm deep w'hich is 
excavated around the tree, approximately below the canopy edge. The fertilizer is mixed 
in with the excavated soil which is then replaced in the furrow 
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Foliar application 

Deficiencies of magnesium, iron and other elements occasionally occur, particularly on 
highly alkaline soils. Effective treatment of these deficiencies can frequently be obtained 
by the use of foliar sprays such as ferrous sulphate at a concentration of 500 ppm, 
deficiency symptoms and foliar sprays have already been referred to earlier in this 
chapter Chemicals used as foliar sprays are usually applied with a knapsack sprayer for 
relatively young trees. For more mature trees, tractor-mounted sprayers with a high 
nozzle output or motorized knapsack sprayers with long lances are required. 

Recommendations for specific count ries 

Although very few experimental results on the effects of various fertilizers on the growth 
and development of rambutan have been published, the following recommendations are 
those normally followed in the countries in which rambutan is most widely grown: 


The recommended applications for marginal soils include NPK mixtures in a ratio 
14:4:3.5 up to the first harx'est, followed by subsequent applications of a 12:4:7 mixture 
Application rates begin with dressings of 0.1kg per tree per annum at planting, increasing 
progressively to 4kg per annum when the trees are 20 years old (Kanapathy, 1976). 

Yaacob (personal communication) has staled that the current Malaysian commercial 
practice is to apply 15-15-16 or 16-16-16 NPK fertilizers during the vegetative phase of 
growih and to follow this during the fruiting period with dressings of NPK at 12-12-17-2 
(calcium) and 13-13-21, The applications begin with a rate of about 0.5kg/tree/annum 
for 2-3 year old trees, split into two or three dressings, and the rates are increased by 
0.5kg/tree/annum as the trees mature (Pongsrihadulchai, 1984). It has been estimated 
that, for a harvest of 7.3 tonnes fruit/ha, nutrient removal is: N-I5kg, P-2kg, K-1 1 7kg, 
Ca-S .9kg and Mg-2.7kg 

Thailand 


In eastern and southern Thailand, where soils are very sandy and well drained, organic 
manures are widely used They may be applied either at the beginning of the rainy 
season or after harx'esting and pruning The usual method of placement is in a trench, as 
already described under: Methods of fertilizer application. 

Chemical fertilizers with a formula of NPKCa 10-12-10-4 are often applied during the 
dry season or in the fruiting period in a furrow, as already described under Methods of 
fertilizer application The rate of application is approximately 1kg, applied annually to 
well-established trees; this rate can be increased by 0.25-0 5kg per tree per annum as the 
trees mature. A second application is sometimes considered necessary, during either the 
dry season or the faiiting period Additionally, an NPK 10-10-10 mixture is also applied 
as a foliar spray during the growing season (Yaacob, personal communication). 
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Surface applications of fertilizer are also sometimes used These may consist of an NPK 
9-24-24 mixture, applied before flowering, and a 12-12-17 mixture applied at flowering 
time. The fertilizer is broadcast around the base of the tree, no closer than 1-1 5m from 
the base of the trunk of mature trees and mainly in line with the fringe of the tree canopy. 

Soluble fertilizers are sometimes applied through drip irrigation systems on three 
occasions during the year: as the flowers emerge (NPK 1:1:1 or 11 :2); immediately after 
harvest (2:1:2) and accompanied by a dressing of chicken manure and, finally, after 
pruning (1:1:1 or 1:1:2) ( Prabhadhapongse, unpublished data). 

Growers in Thailand, unlike those in Malaysia and other regions, consider that dolomite 
and lime are both detrimental to rambutan and are particularly harmful to actively- 
growing trees, particularly during the first two years after planting, 

PMlippines 

A dressing of I kg of sulphate of ammonia plus 1kg of an NPK mixture of 12-24-12 per 
tree, applied after harvest, is a commonly used fertilizer treatment, an additional 1kg per 
tree of sulphate of ammonia, applied at the end of the rainy season, is also a popular 
practice. 

Coronel (1983) has given general recommendations for fertilizer applications to 
rambutan During the first year, he suggested that 200g of sulphate of 
ammonia/irce/annum would be adequate, applied in two dressings of lOOg each The 
first is given at one month after planting and the second at 6 months from planting or at 
the end of the rainy season In succeeding years, the applications should be gradually 
increased and, at fruiting, additional nitrogen and phosphorous should be applied 
During the first year of fruiting, 500g of an NPK mixture of 14-14-14 should be applied 
per tree, half at the beginning of the rainy season and half after har\-est At the peak of 
fruiting, an annual application of at least 2kg/tree of a complete fertilizer will be required 
and, in some instances, additional nitrogen and potassium will be necessary 

IRRIGATION TECHNIQUES 

In some production areas, irrigation is not widely used since the rainfall distribution is 
considered adequate for the needs of the plant This situation, however, applies mainly 
to areas where production is based on individual home gardens or small orchards. In 
countries such as Malaysia, Thailand and Australia, however, it has been found that some 
form of irrigation is necessary if optimum production and fruit quality are to be achieved. 
Irrigation is essential for the production of exported fruits since trees are likely to be 
subjected to soil moisture stress, particularly during the fruit development phase, leading 
to a reduction in the market acceptability of the fruit 
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Irrigation requirements of rambiilan 
Veget a tive growth pe riod 

Throughout the actively growing period, trees require abundant supplies of soil water in 
order to carry out their normal metabolic processes In very sunny weather, particularly 
w'hen the relative humidity is low', the levels of evapotranspiration may be very high. 
Such conditions, when they occur during active growth, may be harmful, particularly to 
young trees, and may result in a check to growth and a reduction in crop yield due to 
water stress (Chapter 4). This situation may, however, be partially prevented by the use 
of mulches and cover crops (Chapter 8), 

No data appear to exist on the quantitative amounts of water required by rambutan trees 
at various ages and under differing soil and climatic conditions 

In most producing areas, therefore, the irrigation regime used has been devised as a 
result of practical experience and observation In parts of Thailand, however, 
particularly the eastern area, open pan evaporation readings are used to assess water 
requirements, although many growers tend to slightly exceed the irrigation levels 
recommended (Ruamsuke, personal communication) As a general rule, irrigation is 
applied every 2-3 days during periods of drought, except during the flower initiation 
period 

The levels of irrigation applied to actively growing trees should be related to the size and 
age of the trees, as well as to the soil type and climate Mature trees, with a high leaf 
surface index, will obviously require more water than recently transplanted trees. There 
is also an apparent variation in the water requirements of different cultivars but no data 
are available on these requirements although it can be assumed that the more vigorous 
types of tree will transpire more than the compact, bushy cultivars 

During a period of severe water stress, necrosis of the leaf margins and wilting may 
occur If up to 25% of the leaves show signs of yellowing and incipient leaf fall, 
irrigation should be applied to minimize this acute form of water stress If leaf-fall does 
occur, the affected shoots will be unable to produce flowers (Ruamsuke, personal 
communication). 

Flower initiation 

During the period leading up to flower initiation, which normally coincides with the end 
of the rainy season, irrigation is not usually required since it is essential for a certain 
amount of water stress to occur in order to promote the termination of vegetative 
growth while maintaining floral development This involves an alteration in the internal 
metabolism of the plant, including the hormone balance and carbohydrate/nitrogen ratio 
(Chapters 3 and 4) 

If rainfall should occur before flower initiation begins, it is possible that leaves instead of 
flower panicles may be produced on some branches In this situation, the best procedure 
is to apply fertilizer and continue irrigation to encourage the leaf flush, flowers will then 
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be formed later in the season when the leaves have matured (Muchjajib, 1988) No 
research appears to have been done on the possibility of inducing out-of-season crops, as 
with citrus and some other fruit trees, by adjusting irrigation schedules, although this is 
practised in the lower rainfall areas, particularly those with a bimodal rainfall regime, 
where some growers use their own experience to vary flowering and fruiting periods 

Flower development 

Trees require moderate levels of irrigation once flower initiation has been completed 
This phase is followed by flower development but a too liberal application of water at 
this stage can sometimes induce the production of panicles on w’hich juvenile leaves are 
also formed This situation may be partially corrected by withholding water until the 
leaves on the panicles dehisce. Muchjajib (1990) considered that some reduction in the 
level of irrigation is desirable at anthesis to increase the percentage of fruit set High 
rainfall levels during flowering have been observed to lead to poor fruit set, possibly due 
to a reduction in the activities of insect pollinators. 

Fruit development 

Excessive rainfall or irrigation during fruit development may cause skin cracking, due to 
the rapid expansion of the aril and the slower rate of growth of the pericarp (Chapters 3 
and 4) If early fruit development occurs during a dry period, a smaller number of cells 
may be initiated, if this period is followed by favourable conditions, skin cracking may 
become a serious problem (Watson, personal communication) 

Soil/water factors 

Almost no research appears to have been carried out on the root development of the 
rambutan and the extent of root growth in various soil conditions can only be estimated 
Seedlings have been observed to have a much more extensive root system than clonal 
cultivars and it can be assumed that the more vigorous cultivars have more strongly 
developed roots than the more compact cultivars Trees grown in sandy soil, with a low 
water-retaining capacity, will obviously require more regular irrigation than those 
established on heavier soils but no data are available on the relative frequency or level of 
irrigation required for trees grown on various soil types It is generally agreed, however, 
that rambutan roots are sensitive to excessively high soil-water levels and that adequate 
drainage is essential for satisfactory' growth (Chapter 4). Salinity is known to be harmful 
to trees and areas in which only brackish water is available for irrigation should be 
avoided. 

Irriuation distri bution an d application 

Several irrigation systems have been introduced and adopted in various production areas, 
based on observations and practical experience of their elTectiveness. but little applied 
research appears to ha\e been carried out in this area to determine seasonal water 
requirements, frequency and optimum levels of irrigation A traditional method of 
irrigating is flood irrigation which consists of saturating the soil around the trees, usually 
with water from a flexible hose This is now considered to be a wasteful practice and is 


Copyrighted material 



89 


less widely used (Lam and Kosiyachinda, 1987) The main systems currently in use have 
been described by Muchjajib (1990); 

Basin irricatio n 

This fairly traditional method of water application is still in use in many production areas 
A shallow depression is excavated around the base of individual trees, excluding the area 
immediately around the trunk, and water is supplied to the basin through plastic delivery 
pipes. Alternatively, water can be delivered to the tree, via furrows, from a main channel 
or pipe Considerable experience is required to operate this system, to ensure adequate 
wetting of the irrigated area Factors which have also to be taken into consideration 
include the soil type involved and the vigour and age of the tree One disadvantage is the 
possibility of salt accumulation due to the evaporation of water from the basin surface 

Sprinkler irrieation 

This system is quite widely applied in some countries, particularly Thailand, and is 
appropriate for use in areas with a plentiful water supply The water from rivers, ponds 
or boreholes is pumped under pressure through main supply pipes and is distributed to 
the sprinklers, usually through fixed laterals The number of sprinklers used will depend 
on the orchard layout and tree density; two sprinklers per tree may be required to ensure 
thorough wetting of the root zone 

Drip irrigation 

This is particularly appropriate for use in areas in which water supplies arc limited The 
water is usually supplied, by gravity flow, from an overhead tank to which effective 
filters are fitted The nozzles are spaced at intervals along a plastic pipe which is aligned 
along the tree row. Two or more nozzles are required for each tree and should be 
regularly checked for blockage As the trees become mature, it is customary to increase 
the number of nozzles per tree, particularly in areas w'hcre orchards are established on 
sandy soils 

Mini-sprinklers 

Minisprinklers or microjet sprinklers are currently popular in many production areas In 
Thailand, many types of emitter are in use; some have been imported from countries such 
as Australia, where they are widely used, but some types are also locally manufactured. 

Current irriuation practices in Thailand 

Accounts of the irrigation techniques adopted in Thailand have been given by Muchjajib 
(1988) and Ruamsuke (personal communication). The main emphasis, particularly in the 
rambutan orchards of eastern Thailand, appears to be on the induction of early flower 
initiation by withholding water during this period. The major harvesting season is May 
to June and crops ripening either before or after this period are likely to benefit from 
premium prices; the main price advantage appears to be with the early crops Trees 
propagated by air layering, young trees and mature trees growing on sandy loam soils 
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have been observed to respond most favourably to flower induction through water stress 
Some cultivars have been observed to be more responsive to the withholding of irrigation 
to induce flower initiation than others. 

Early fruiting treatments 

At the end of the rainy season, some growers apply a limited amount of irrigation to 
promote the development of young leaves so that they will rapidly become mature They 
then clear the soil around the base of the trees, removing all mulch and weed growth 
Irrigation is then withheld for one month or more, the period varying with soil condition 
and fertility, also cultivar 

This period of induced water stress promotes pollen grain development and anther 
dehiscence; it also increases the concentration of stigma fluids and generally promotes 
pollination and fruit setting (Ruamsuke, personal communication) (Chapter 4). 

Irrigation is then resumed, stimulating the development of the young fruits Aril size and 
fruit quality are considered to be improved by this period of irrigation but excessive 
application can lead to fruit cracking, particularly in the early colouring stage of some 
cultivars such as Rongrean 

Delayed fru it ing treat ments 

Some cultivars have been observed to be more responsive to the delaying of ripening by 
the application of irrigation than others; Seechompoo, for example, has proved to be 
more suitable as a late-ripening crop than the early cultivar Rongrien The usual 
practice, in addition to irrigating the trees, is to apply a nitrogenous fertilizer This has 
the effect of promoting a leaf flush, mainly as a result of a decrease in the level of 
carbohydrates produced, this effectively delays flowering for 1-2 months. The 
application of mono-potassium sulphate (0-52-34) as a foliar spray at this stage is 
considered to promote leaf maturity (Muchjajib, 1990) 
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CHAPTER 8 

OTHER PRODL1CTION PR.\C TICES 
PLANT GROWTH REGULATING SPRAYS 

In some producing countries, particularly Thailand, plant growth regulators are applied 
to rambutan trees, at various stages of development, to modify flowering, fruit setting, 
fruit colour production, yield and the prevention of fruit drop (Chapter 3) Various 
chemical fonnulations are used, including naphthalene acetic acid and its sodium salt 
(SNA), ethephon, gibberellic acid and paclobutrazol 

The application of growth regulators to promote flowering in rambutan can be regarded 
as a means of simulating water stress which is known to promote flowering (Chapter 7). 
Under conditions of water stress, many fruit trees produce growth inhibitors or 
retardants and the choice of the correct growth regulator and application rate to promote 
flower initiation and development is important (Ong Hean Talt, 1976) 

The biochemical activity of growth regulators such as paclobutrazol, ethephon and 
naphthalene acetic acid in young rambutan shoots has been studied by Muchjajib (1990) 
and may be summarized as follows: 

Paclobu trazol 

Inhibits the biosynthesis of gibberellins and reduces endogenous gibberellin levels by 
blocking the conversion of kaurene to kaurenoic acid Sprays of paclobutrazol markedly 
increase the C/N ratio in rambutan shoots, even although the soil may have a high 
moisture content. Since there will be a resulting reduction in the extent of shoot growlh 
and leaf size, as a result of the spray application, there will be a lower demand for a 
carbohydrate supply to the leaves; this will result in a corresponding increase in the 
carbohydrate concentration in the shoots Earlier flower bud initiation and development 
will therefore be promoted 

However, the induction of flowering will normally only occur when nitrogen, in the form 
of thiourea or potassium nitrate, is applied as a spray approximately 2 months after the 
application of the paclobutrazol If applied at concentrations above the optimum level of 
approximately 700-1000 ppm, paclobutrazol can induce abnormal growth. 

Ethephon 

Earlier flowering is promoted by the initiation of flower buds 10-13 days earlier than 
normal, as a result of applying ethephon sprays at a concentration of 1 50-200 ppm; there 
may also be an increase in the number of maturing flowers No adverse eflects on 
flowering, fruit setting or fruit development have been observed Ethephon is, however, 
effective in inducing early flowering only in young rambutan trees. 
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Naphthalene acetic acid CNAAJ 

NAA has been observed to inhibit the growlli of the pistil while promoting stamen 
development Stamens which would otherwise be non-functional, due to non- 
dehisccncc, are stimulated to release viable pollen. NAA applied to ripening fruits may 
delay harvesting dates but this may also lead to the germination of seeds within the 
unharvested fruits. 

Flo wering stimu lus 

Pollination is sometimes a problem in certain cultivars and under erratic climatic 
conditions, due to a lack of viable pollen grains It is possible to treat selected flower 
panicles to induce them to produce enough pollen to ensure adequate fniit set by 
applying growth regulating substances in the form of sprays One recommended 
treatment is to apply the sodium salt of naphthalene acetic acid (SNA) at a concentration 
of 10-50 ppm of the active constituent 

In Thailand, the sprays are applied to inflorescences when panicles have one-third of the 
flowers open; earlier application could possibly induce earlier pollen availability, leading 
to earlier fruit set Panicles Im apart are treated and all these panicles will normally 
produce enough pollen to promote fruit set, particularly in cultivars which have only 
female functional flowers and in which the stamens usually remain indehiscent (Hackett 
and Carolane, 1982) Similar results were obtained by using naphthalene acetic acid 
(NAA) at a concentration of 250-500 pm; some suppression of pistil growth was also 
observed (Muchjajib, 1988) and the elTects were visible 5-7 days later 

The eflccts of various plant growth regulators on flowering were studied in the 
Philippines by Muchjajib (1988) He found that, with the cultivar 'Roengrean', foliar 
application of paclobutrazol and ethephon significantly increased the percentage of 
flowering, inducing earlier bud formation and development, compared with control trees 
Anatomical studies showed that flower bud development was not affected by the sprays 
Experiments have shown that paclobutrazol, at a concentration of 700 - I OOOppm is the 
optimum concentration for promoting the early flowering of 'Roengrean' trees which are 
4-5 years old. The use of chemicals such as paclobutrazol and ethophon induced earlier 
and more intensive flowering, probably due to an alteration in the C/N ratio of the trees 

Fruit sewing 

Fruit set has been observed to be improved by delaying flower drop as a result of 
spraying with NAA at a concentration of 250-500ppm, the optimum period for applying 
the sprays was found to be either in the early morning or late evening (Muchjajib, 1988) 

Both increased fruit set and delayed fruit drop have been observed to result from the 
application of sprays of NAA at a concentration of 200ppm mixed with gibberellic acid 
(GA) at 20 ppm For improving fniit set, trees are sprayed when approximately half of 
the flowers are open; for delaying fniit drop, sprays are applied approximately one month 
after fruit set (Muchjajib, 1988). 
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Fruit Colour Promotion 


Experiments on the application of ethephon by Ruamsuke (1983) showed that ethephon, 
at a concentration of 10 mg/1, sprayed on to the fruit at the beginning of colour change, 
ha.stened the rate of colour development by 1-2 days Gibberellic acid at a concentration 
of 250 mg/i produced a similar result and neither of these treatments was found to affect 
other fruit quality characteristics. 

Yield stimulation 

Paclobutrazol has been found to stimulate yield, mainly by increasing the number of 
flowers and fruits per panicle and the promotion of a generally improved level of 
flowering (Muchjajib, 1988). Spraying trees with paclobutrazol at a concentration of 
2 5mM produced the highest yield (9 7 t/ha), compared with a control yield of 6 9 t/ha 
Fruit weight, size and aril thickness and fruit quality were not affected A pronounced 
acceleration of fruit maturation resulted from spraying trees with paclobutrazol at 
concentrations of 1 5mM and 3.0mM, this produced a significant level of economic 
benefit. 

An increase in the size of fruits by applying plant growth regulators such as NAA was 
observed by Muchjajib, 1979a and Artsuwan, 1979. The concentration used was 125 
mg/1 on the cultivar 'Rongrien'; at higher levels of application fruit size was reduced 
Sprays of NAA and GA can also increase the size of fruit (Muchjajib, 1988). The NAA 
is applied in weeks 1-4 after fruit set and this is followed by a spray of GA in the 5-7th 
week after fruit set In commercial practice, NA.A and GA are often applied in mixtures 
rather than as separate spray applications. 

WEED CONTROL 

The following data have been contributed by Pramoj Ruamsuke, Thailand, in a personal 
communication 

Weed control is a recurring cost in the rambutan orchard budget and it has been 
estimated that, in a commercial orchard in the East Coast Region of Thailand, weed 
control may currently cost 250-300 SUS per hectare per annum. The weed control 
methods used are usually a combination of mechanical and chemical, depending on the 
resources the grower has available and the system of management adopted 

Dried grass and weeds can become a fire hazard during the dry season but this risk is 
generally outweighed by the value of these residues, particularly when applied as a 
mulch, in conserx'ing soil moisture. 

Major weed speci es 

Many species of annual weed occur in rambutan orchards in Thailand and require regular 
treatment for control, often at internals of a few months. The main annual species 
include: Ageraliiw conyzoiJes: Amuramhus sp; Diyilaria spp; Eleimiiii; iniiica: 
Euphorbia geniculala and I’ami.seliim .spp. 
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Perennial weeds are a more serious problem and can compete with young rambutan trees 
for available soil water and nutrients The most prolific of these are Cv/K'nis roiuiulns 
and Impurala cyliiicirica (lalang) 

Weed control measures 

Mechanical methods 

Small tractors with attached cutting mowers are normally used in the larger orchards 
Medium-sized and small orchards may use 2-whcelcd mowers, powered by 3-5 HP 
engines. The cut weeds and grasses are used either as a mulch or as compost. During 
the rainy season, the soil surface is frequently too moist to permit the use of even light 
wheeled machinery and the only practical alternatives, to hand slashing, which is 
expensive, are to establish cover crops or to use herbicides. 

Chemical control 


Two main types of chemical are used as herbicides: paraquat and glyphosatc Paraquat, 
a non-selective contact herbicide, is used for the control of annual weeds and can be used 
in the rainy season, although it is not efiective against some weed species 

Glyphosate is a non-selective, systemic herbicide and is now widely used to control 
perennial weeds. Its main limitation is that there is a requirement that no rain will fall for 
at least 4 hours after application, if it is to be fully effective. It has been found to be 
particularly useful in the control of lalang {/mperaia cyliiiJrica) 

In home gardens, weed control is by hand pulling and slashing and is carried out as 
required to prevent weeds competing with trees, particularly newly planted ones 

WINDBREAKS 

The need for establishing windbreaks has been briefly referred to in Chapters 4 and 6; 
wind protection is an important requirement in all exposed sites and particularly for 
newly planted trees 

Characteristics of w'indbre aks 

Muchjajib (1990) has outlined the techniques which are widely used in Thailand for wind 
protection Even on sloping ground, windbreaks are essential for preventing excessive 
loss of water due to transpiration from trees and possible physical damage to young 
leaves Loss of soil water by evaporation is also an important factor. Rambutan trees 
are particularly sensitive to low levels of humidity and the provision of windbreaks is one 
means of avoiding water stress. Windbreak trees are normally selected for their rapid 
growth, density of branch development and leaf production and tolerance to pruning; 
they should also be resistant to the major pests and diseases which arc likely to alTecl 
rambutan 
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The tree and shrub species which are suitable for windbreak planting will vary with 
locality but popularly grown genera include: Casuarma, Eucalyptus. I’itiu.s, I'amarindus 
and various kinds of bamboo 

Windbreak establish ment 

Windbreaks should preferably be planted, at right-angles to the prevailing wind, at least 
one year before the rambutan orchard is established so that they can rapidly become 
effective A distance of 7- 10m should be left between the windbreak and the first row of 
rambutan, to avoid root and shade competition. It is also a good policy to excavate a 
deep trench, at least one metre deep and 50cm wide, approximately half-way between the 
windbreak and the nearest row of rambutan trees, to ensure minimal root competition 

For every 1 m height of a windbreak hedge, some wind protection is given over a distance 
of 7-IOni on the sheltered side of the hedge; it may therefore be necessary to plant 
windbreaks at 40-50m intervals, in very exposed conditions. 

COVER CROPS AND INTERCROPPING 

Newly planted orchards, in particular, benefit from the establishment of leguminous 
cover crops between the tree rows; soil erosion is prevented, soil water is retained and 
the trees will benefit from the additional nitrogenous compounds formed due to the 
activity of the nitrogen-fixing Rhizohium and other bacteria Cover crops also reduce 
orchard maintenance costs and prevent weed growth; they may also reduce pest 
infestation. The main cover crops grown in Thailand are: Caloix>f;otiiuni ntuamokks, 
Ceturosema puhescens, Phascolus spp., Pueraha phascohUks and Siizolohiuiit spp 
(velvet beans) but, in other areas, Croialaria, Vigim and Cauavaha spp are planted 
(Almeyda et a], (1979). It is essential to keep the base of the trees clear from the more 
invasive cover crops, by regular .slashing 

intercropping 

As an alternative to the establishment of cover crops in new orchards, the alleyways may 
be cropped, for the first few years, with a range of annual food crops. This has the 
advantage of producing a profitable yield before the rambutan trees come into bearing 
and, at this early stage in the growth of the orchard, food crops such as beans, leafy 
crops and root crops will not compete with the young rambutan trees. When it is no 
longer feasible to grow food crops, due to the development of the tree canopies, cover 
crops can be planted 

In some areas, rambutan is grown as an intercrop with coffee and cocoa and, in the 
Philippines, rambutan has been successfully grown under mature coconut trees (Coronel, 
1983) 
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MULCHING 

The application of dried weeds and grass and other organic residues as a mulch around 
the base of both young and mature rambutan trees is a commonly used means of 
retaining soil moisture, preventing weed growth, reducing soil temperature and. through 
incorporation of the decayed residues, contributing to soil fertility Mulches are normally 
placed around the base of the tree, to a depth of 1 0-1 5cm, leaving the area around the 
base of the trunk free. Decomposed mulches should be replaced or added to at regular 
intervals 

ORCHARD REHABILITATION 
Replanting 

After 30-40 years of productive growth, trees may produce yields which are 
uneconomic; this may be due to age. probably combined with severe pest and disease 
infection. Such trees should be removed and replaced with young trees of high-yielding 
cultivars. It is preferable to remove all roots and most of the soil in the vicinity of the 
roots, refilling with good topsoil to which NPK fertilizers have been added The best 
period for replanting is in the early rainy season. The young trees should be treated as 
outlined in Chapter 6, with regular fertilizer application, routine irrigation and spraying. 

Top-working 

It may be required to replace an existing non-productive cultivar with an improved one 
or it may be necessary to convert an existing predominantly male tree to a productive 
hermaphrodite cultivar. Both these objectives may be achieved by top-working; this has 
been described by Coronel (1983) 

The trees are cut back, usually in several stages, to within 30-50cm of the soil level. The 
cut surfaces of the trunks are painted with a black bituminous paint or proprietary sealing 
compound to prevent the entry of water and disease spores and promote callus 
formation Several shoots will develop from latent bud initials, arising from immediately 
below the cut surface The weaker shoots are pruned away to leave 4-5 of the most 
vigorous shoots. 

When these shoots have grown to a diameter of about 0,5cm or slightly thicker, they may 
be approach grafted, cleft grafted or budded, as described in Chapter 5, using scion 
wood from a high-yielding and vigorous cultivar It is likely that, due to the plentiful 
food reserves available, the growth of the scions will be very rapid and some fruits may 
be produced in the second year from budding or grafting 
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CHAPTER 9 

HARVESTING AND POSTHARV EST TEC HNOLOGY 

Due to the increasing importance of rambutan in South-east Asia, both as a fresh and 
processed fruit, the postharvest aspects of the crop cycle have been subject to numerous 
investigations in recent years These studies have also been stimulated by the 
development of the export potential of both fresh and canned rambutan fruits. 

As for many fruit crops in various tropical and temperate regions, it has been appreciated 
for some time that the final quality of rambutan fruit is significantly influenced by the pre- 
hanest treatments given to the growing crop Beneficial pre-harvest cultural techniques 
can condition the fruit so that, providing the harvesting and postharvest operations are 
competently carried out, the fruit will be in an optimum condition at the point of 
consumption. 

PRE-HARVESr FACfORS AKEECI ING QUALITY 

The climatic and cultural factors which affect the growth and development of both the 
vegetative and reproductive growth of rambutan have been described in Chapters 4, 6, 
and 7 and the effects of using chemical sprays have also been outlined in Chapter 8 

The major eflects that these factors have on fruit development and quality have been 
detailed by Lam and Tongumpai (1987) and may be summarized as follows: 

A. Climatic factors 


Light 

Colour development of the fruit is related to light quality and intensity since the red 
colour of the skin is mainly dependent on anthocyanin production 


The effects of temperature on fruit development have not been investigated in detail but 
it is apparent that the normal physiological changes such as transpiration and respiration, 
also some biochemical reactions which are regulated by temperature, can exert an 
indirect effect on the rate of faiit development 

Rainfall 

Some clones of rambutan are sensitive to water availability, particularly during the fruit 
development phase Poor fruit filling, resulting in poor eating quality and a low edible 
portion, high acidity and lack of flavour may follow dry conditions, a loss of fruit size 
and weight may also occur Alternatively, heav 7 rainfall during the later phases of fruit 
development may cause fruit cracking in cultivars with particularly thin skins. 
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Humidity 

Fruit spintem quality can be influenced by low humidity, due to excessive water loss, this 
can result in browning of the spinterns, reducing fruit acceptability. 

Wind 


Leaf damage and loss of leaves due to high winds may indirectly affect fruit development 
and low humidity winds can accelerate the rate of water loss by the spinterns (Chapter 
4) 

B. Cultural factors 
Fertilizer use 


This has been outlined in Chapter 7 in which the nutritional status of the vegetative parts 
of the plant has been directly linked to flowering and fruit setting; both of these are 
critical phases leading to fruit development The role of potassium is particularly 
important during these stages of growlh. 

Irrigation 

The importance of irrigation in flower initiation and fruit development has been outlined 
in Chapter 7 and it has been stressed that it is essential to monitor w'ater application since 
the uneven application of irrigation water may cause skin cracking and fruit drop 

C. Chemical spray a p plicatio ns 

Pesticides 

If both fungicides and insecticides are either incorrectly applied or are omitted from 
management programmes, both fruit appearance and quality may be severely affected by 
the incidence of pathogens such as Powder^' Mildew w'hich can damage the skin of 
young fruit and can also cause premature fruit drop Insect infestation, if uncontrolled, 
can also lead to the production of unmarketable fruits (Chapter 10). 

Plant urowth regulators 

The use of these chemicals to improve the level of fertilization and also fruit size and 
colour has been outlined in Chapter 8. The incorrect use of chemicals such as 
naphthalene acetic acid and ethephon may, however, result in a reduction of fmit size 
and, possibly, fruit drop (Muchjajib, 1979a and b. Artsuwan, 1979) 

FLOWERING AND FRUITING PERIODS 

Cultivars vary in their flowering and fruiting behaviour, partly as a result of their genetic 
constitution but also in response to the prevailing ecological and cultural conditions The 
reproductive development of the rambutan flower has been referred to in Chapter 3 and 
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it is generally accepted that flowering occurs as a response to dry periods, combined with 
a satisfactory nutritional level in the flowering branches Flowering appears to be mainly 
independent of temperature although it may be indirectly promoted by a reduction in 
hormone inhibitors due to a fall in temperature (Muchjajib, 1990) 

Fruit developme nt in selected area s 

The average fruiting periods of rambutan in the main producing regions may be 
summarized as follows (Laksmi et a]., 1987, Salma, 1983). 

Indonesia 

Throughout most of Indonesia - November to February 
North Sumatra - June to September 



A variation of 4-6 weeks in the above periods may occur, depending upon the locality 
and climatic conditions 


Thailand 

Main fruiting season 

(southern Provinces) - May to August 

Early fruiting season 

(eastern Provinces) - February to June 

The monthly variation in harvesting dates is due to climatic conditions, cultivar 
characteristics and cultural practices 

Australia 

At I2°S, in coastal areas, fruits normally mature in October-November from trees which 
flower in June/July A minor crop may be produced in Fcbruary/March. At 16°S, 
flowering begins in July/August and may continue until April in the form of multiple and 
erratic flowerings on single trees; trees of some cultivars may also exhibit whole tree 
flowering Harvesting may begin in December and continue until August although the 
main crops are harvested in the January to March period (Watson, 1988, personal 
communication, 1992), 
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Puerto Rico 

The single crop is har\'ested from November to December 

A comprehensive review of the flowering and fruiting periods of rambutan grown In 
many tropical areas has been given by Delabarre (1989), Table 1 1 

Table 1 1 . Rambutan flowering and fruiting periods in various countries 


Country 

J F 

M 

A 

M 

j 

J 

A 

s 

0 

N 

D 

References 

South-east Asia 

X X 





X 

X 

X 

X 


X 

Almeyda et al( 1979) 

Malaysia 

X 

X 

X 

X 

X 

X 

Xx 

Xx 


X 

X 

Whitehead (1959) 

Indonesia 

X X 





X 

X 

X 


X 

X 

Ochse et al ( 1 93 1 ) 

Philippines 


X 

X 

X 

X 

X 

X 

X 

X 



Rodrigo ( 1 967) 

Thailand 




X 

X 

X 

X 





Trisonthi (1979) 

Australia* 

Xx Xx Xx 

Xx X 

X 

Xx 

Xx 

X 

X 

X 

Xx 

Watson (1984) 

Porto Rico 










X 

X 

Almeyda et al( 1 979) 

Zanzibar 



X 

X 


X 

X 





Khalibu et al(l985) 

Zaire 

X X 

X 





X 





Pynaert (1955) 

Cameroon 





X 

X 

X 






Central African Republic 








X 

X 

X 

) 

Cote d'Ivoire 



X 





X 




jMulat (1968) 

Madagascar 


X 

X 

X 








1 


X - Fruiting periods 
X - flowering periods 

* - At 16°S (Queensland) only, at 12°S (Darwin) fruiting period is September-K'ovember 
(Watson, personal communication, 1992) 

Source: Delabarre ( 1989). 

ASSESSMENT OF FREIT QEALI F^ 

Harvestinu criteria 

The actual harvesting dates, within the main harvesting period, are largely influenced by 
consumer demand but also, to some extent, by the marketing and storage characteristics 
of the fruit For early season crops, it is customary to harv'cst the fruits slightly earlier 
than the optimum date, in order to attract a premium market price (Kosiyachinda el at., 
1987). 

Several criteria have been used to determine the optimum harvest periods for various 
cultivars grown in specific locations (Kosiyachinda et al., 1987) The various parameters 
which have been used to define maturity indices include the following; 
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Flowerirni to harvest periods 

In Thailand, fruits are normally harvested 90-120 days after full flowering In Indonesia, 
however, harvesting takes place within 90-100 days from flowering and, in Malaysia, 
from 100-130 days. 

Fruit colour 

This is frequently used as a guide in many producing countries; the changes in colour of 
both the spintems and the skin are the main parameters used Table 12 illustrates the 
criteria used for some ASEAN cultivars. Fruits which have had a period of 16-28 days 
from colour break are generally marketable but those which are less than 14 and more 
than 28 days after olour break are normally unacceptable due to poor skin colour 
(Wanichkul and Kosiyachinda, 1982) Fruits which are harvested very late have a deep 
skin colour and the aril is cloudy, dry and firm, compared with normally mature fruits. 
Deterioration in harvested fruits begins with a browning of the lips of the spintems, 
progressing to the base and finally aftecting the skin. Extreme desiccation also leads to a 
complete browning of the skin 

Physical c h aracteristi cs 

These are not considered to be a reliable guide to fruit maturity, although experienced 
producers may use their judgement concerning fruit size and weight to determine the 
timing of harvesting. The fruit, rind, pulp and seed weights of selected cultivars at the 
marketable stage are given in Table 13. 

Reference to some of these characteristics has also been made in Chapter 2 
Biochemical chances and fruit maturity 

Several complex reactions occur in rambutan fruits during the ripening process and have 
been referred to in Chapter 3; some of these reactions, however, still remain to be 
investigated It has been shown by Normah ct a} (1983) that increases in the activity of 
enzymes such as pectin methylesterase and polygalacturonase occurred in cultivar 'R156' 
at maturity. At this time, approximately 13 weeks from fruit set, the fruit skin colour 
changes from dark green to slightly yellow, suggesting a linkage between skin colour and 
an increase in these enzymatic activities Soluble pectin and protein contents also show 
changes which are similar to the pectin enzyme activity, the level is almost constant up to 
the 13th week but this is followed by a gradual increase up to maturity. 

Other biochemical changes have been briefly referred to in Chapters 2 and 3 and some 
have been outlined in Table 6 Fruit taste is related to the sugar and acid contents, these 
are most conveniently measured by determining the total soluble solids (TSS), normally 
by the use of a refractometer Most cultivars, at maturity, have a TSS level in the range 
of 17-21%. The titratable acids (TA), expressed as anhydrous citric acid, range from 0 07 
to 0.55% and the pH from 4.0 to 5 0 
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Table 12 Harvesting criteria of some ASEAN rambutan cultivars. based 
on fruit colour 


Country/ 

Variety 

Fruit 

COLOUR 

Skin 

Spintems 

Indonesia 

Binjai 

reddish orange 

red 

red with yellow tip 

Lebakbulus 

reddish orange 

reddish orange 

red with yellow tip 

Rapiah 

reddish orange 

greenish yellow 

red with yellow tip 

Malaysia 

R3 (Gula Batu) 

red 

red 

red with green tip 

R134 

red 

red 

red with yellow green tip 

R156 (Muar Gading) 

yellow 

yellow 

yellow with pink base 

R162 (Daun Hijau) 

yellowish red 

yellowish red 

red with yellow green tip 

Philinnines 

Maliarlika 

yellowish red 

pink.tinge of yellow 

pinkish red yellowish 

Seematjan 

pinkish yellow 

yellowish green 

green tip 

pinkish yellow, greenish 

Seenjonja 

pinkish yellow 

reddish orange 

yellow tip 
reddish orange 

Sineanore 

Jitlee 

reddish orange 

reddish orange 

reddish orange 

Thailand 

Rongrien 

reddish orange 

reddish orange 

reddish orange, green tip 

Seechompoo 

pink 

pink 

yellowish pink 


Source; Kosiyachinda et al., 1987 
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Table 13. Weight (g) of fruit, rind, pulp and seed of rambutan fruits at marketable stage 


Variety 

Fruit 

Rind 

Pulp 

Seed 

'Binjai' 

27,3 

11 2 

II 7 

2 51 

'Lebakbulus' 

26.9 

12.7 

112 

212 

'Maharlika' 

24 1 

— 

— 

— 

R3 

27.9 

— 

12 9 


RI34 

26.9 

— 

12.3 

— 

R162 

310 

— 

14 6 

— 

'Rapiah' 

201 

8 7 

9.5 

1 58 

'Seechompoo' 

31 1 

14 5 

13 0 

1.80 

'Seematjan' 

41.3 

- 

- 

- 

'Seenjonja' 

17,1 

- 

- 

- 


Source: Kosiyachinda, Laksmi, Lam & Mendoza Unpublished data 

In the cultivar 'Seechompoo', Wanichkul and Kosiyachinda (1982) found that the TSS 
level, on the 10th day after colour break, was about 16%, This increased to about 21% on 
the 31sl day which was 16 to 17 weeks after fruit set at which time the fruits were fully 
mature The titratable acid content of the extractable juice decreased by 40% from the 
10th day from colour break to the 22nd day. This cultivar is suitable for harvesting 19 
days from rind colour break, or 15 weeks from fruit set, when the TSS value is 19% and 
the titratable acid content is 0.17% 

1 he chemical changes which occur during ripening have also been studied by Lam (1983), 
who investigated the chemical composition of 'R3' and ’RI56’ cultivars at various stages 
of maturity. He observed that the TSS, sugars and starch increased during maturation 
but that the TA content decreased It was suggested that harvesting of 'R3' should take 
place during the I6lh to 17th week from fruit set and that 'RI56' should be harvested 
during the 15th to 18th week after fruit set 

The cultivar 'Rongrien' should normally be harvested during the 16th week from fruit set 
when the fruits have a TSS value of 22% and the titratable acid level is 0.16%. 

HARVESTING TECHNIQUES 

Determiniition of the optimum time for harvesting is complicated by the fact that 
rambutan faiit maturity is not uniform since clusters on the same tree and even fruits 
within a cluster do not ripen evenly. On any given tree, a period of 30 days may be 
required for all the fruits to attain maturity. Once-over harv'esting is economic in labour 
costs but wasteftd as far as fruit quality is concerned. Selective harvesting is therefore 
normally practised since this extends the marketing season and avoids a surplus of fruit 
of mixed maturity In Malaysia and Indonesia, fruits are generally sold in clusters but in 
the Philippines and Thailand, individual fruits arc more commonly marketed. 
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Harvesting dates 

Reference has already been made, in the section on: Assessment of Fruit Quality, Table 
12, to the colour changes which are indicative of the optimum harv esting date in various 
producing countries and this subject area has also been investigated, in some detail, in the 
Philippines by the Philippines Council for Agriculture, Forestry and Natural Resources 
Research and Development Department (PCARRD) The results of the investigations 
which included the cultivars 'Seematjan', 'Seenjonja' and 'Maharlika', widely grown 
cultivars in the Philippines, arc summarized in Table 14 Stage 3 is recommended as 
being suitable for harvesting for 'Seematjan', the optimum for consumer acceptability is 
Stage 5. For both 'Seenjonja' and 'Maharlika', Stage 4 is recommended as the optimum 
harvesting period. 

Harvesting schedules depend on the accurate assessment of the stage of maturity of the 
fruits at the time of first harvest and subsequently of the stage of ripeness of the 
remaining fruits. For example, with the cultivar 'Maharlika', if the truits left on the tree 
after the first harvest are at Stage 1, the next harvest should begin when they are at 
Stages 4 and 5, depending on consumer preference. 

Harvesting frequency 

Harv'esting frequency varies in all producing countries For example, in the Philippines, 
harvesting in most medium-sized orchards is carried out three times per week 
(PCARRD, 1987) Mendoza et a! have formulated a table which describes 5 stages of 
fruit maturity and the number of days between harvests for the 3 main cultivars grown in 
the Philippines In Indonesia, harve.sting intervals vaiy' between 5-7 days, with a range of 
harvests throughout the season of from 3-10 In Malaysia and Thailand, fruits are 
harvested at intervals of several days, depending on the locality and the current market 
demand. 

Harvesting methods 

Harvesting methods are based on manual harvesting since mechanized harvesting has so 
far been considered impracticable Various types of hook, piuning shears or secateurs, 
most of which are attached to long bamboo poles, are used in various countries (Fig. 1 7). 
The shears normally have a long string attached, operating the cutting blade. Some poles 
have a fhiit-catching bag attached, with hooks attached to the rim of the bag, replacing 
the shears This method results in individual fruits being separated from the cluster 
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Table I4A. Ripening guide for the cultivar 'Seematjan' 


Stage 

Fruit colour 

No. of 
fruits 
per kg 

Taste 

Acceptability 

1 

Predominantly greenish 
yellow 

35 

ver>' 

sour 

unacceptable 

2 

Generally yellow with 
tint of pink 

28 

sour 

unacceptable 

3 

Predominantly pinkish 
yellow 

25 

pleasant 

taste 

slightly acceptable 

4 

Predominantly pinkish 
red 

25 

sweet 

acceptable 

5 

Predominantly reddish 
pink 

24 

ver>' 

sweet 

highly acceptable 


Table 14B Ripening guide for the cultivar 'Seenjonja' 


Stage 

Fruit Appearance 

No, of 
fruits 
per kg 

Taste 

Acceptability 

1 

Skin is green, spines 
greenish red 

68 

very 

sour 

unacceptable 

2 

Skin is greenish red 
spines reddish green 

64 

sour 

unacceptable 

3 

Skin is orange red 
spines orange green 

63 

slightly 

sour 

slightly acceptable 

4 

Skin and spines are 
reddish orange 

62 

Sweet 

Acceptable 

5 

Both skin and spines 
are deep red 

57 

very 

sweet 

highly acceptable 
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Table I4C Ripening guide for the cultivar 'Maliarlika' 


Stage 

Fruit colour 

No. of 
fruits 
per kg 

Taste 

Acceptability 

1 

Predominantly greenish 
yellow 

54 

ver>' 

sour 

unacceptable 

2 

Predominantly yellowish 

50 

sour 

slightly unacceptable 

3 

Predominantly pinkish 
yellow 

49 

sweet 

sour 

moderately acceptable 

4 

Predominantly pinkish 
red 

46 

sweet 

acceptable 

5 

Predominantly reddish 
pink 

44 

very 

sweet 

highly acceptable 


Source: PCARRD Monitor (1987). Vol. 15. No 10 

In Malaysia and Indonesia, fruits are usually har\'ested in clusters, since these arc cut by 
the shears, and are either allowed to fall to the ground or are caught in a catching net 
spread around the base of the tree, as in some parts of Thailand Such nets are 
particularly useful in areas which have e.xposed. stony soils rather than being covered 
with a well-developed grass sward, weed or cover crop to act as a cushion against fruit 
damage. In some areas, long picking ladders are used to provide access to the fruits 
developing on the higher branches. In such instances, the fruits are harvested in clusters 
which are lowered to the ground in baskets. 

The harvested clusters are normally collected in bamboo baskets and may be often later 
separated into individual fruits with up to one centimetre of the stem attached to avoid 
rupture of the skin At this stage, immature and diseased fruits are removed. 

In Australia, almost all fruits are harvested using shears attached to a metal tubular shaft 
about 2m long The shears have a cutting blade and anvil (Wilkinson type) with 2 plates 
attached to the sides of the cutting blade The blade is operated by a handle at the 
bottom of the shaft, through a connecting wire The cutting blade plates hold the 
severed panicle so that it can be transferred to crates placed around the tree, av oiding 
contamination by direct contact with the soil Equipment of this type, manufactured 
locally, is now widely used in Thailand (Watson, personal communication) 

REGIONAL PRODUCTION AND YIELDS 

The statistics for both production areas and crop yields are relatively variable and 
definitive figures are not readily available Variation in individual orchard yield is rarely 
affected by biennial beating although this has been observed to occur in older trees (Lam 
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(a) (b) 

Fif>uri‘ 17. Types of liurvestinK equipment, lu) A shear attuehmeiit for use with 
l(>n)> poles, (hi A hook blade for harvestinj; fruits in clusters. (Source: l.ani and 
Kosyachinda, 1987) 



Plate 16. 

Harvesting fruits in 
clusters, usint> lone 
pole and shears 
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and Kosiyachinda, 1987) The level of yield can, however, vary significantly between 
cultivars and can also be affected by environmental and edaphic factors Seasonal 
variation, due to weather and cultural factors, may induce yield fluctuations of up to 
50%. 


Estimated yields in selected areas 

The following production area and yield estimates have been given by various authors 
(Laksmi et af., 1987, Watson, 1983) 

Thailand 

In 1984, the total area under production was estimated to be 60,000 ha. with a total 
production of 430,000t; this increased to 470,000t in 1985 and 478.5001 in 1986 
Commercial production is centred in the eastern and southern Provinces Individual trees 
in the Chanlaburi area, at approximately 3 years from planting, produced 20 kg/tree; this 
increased to 300 kg/tree at 12 years and to more than 400 kg/tree at 21 years from 
planting 

During the period 1982 to 1986, the volume of rambutan production, measured in 
tonnes, exceeded that of all other fruits, except for tangerine (Visetbhakdi, 1988) 

Ind onesia 

In 1984, the area under production was estimated to be 43,000 ha, producing a total of 
148,000 t. Of the total production, 60% was from Java, 20% from Sumatra and 20% 
from other islands. 

M alays ia 

In 1984, the total area planted was approximately 20,000 ha with most of the production 
being centred in the Slates of Kedah, Perak. Johor and Kelantan It has been estimated 
that, in the Serdang (Selangor) area, trees at 3 years after planting produced 15 kg/tree, 
this increased to 165 kg/tree at 15 years and to more than 300 kg/tree at 21 years from 
planting, for well-managed and adequately pmned trees. 

Philip pines 

In 1987, the area under production was estimated to be 500 ha, production being centred 
in the Bukidnon, Cotabato, Davao, Laguna and Mindoro Provinces The production of 9 
year old trees was obserxed to vary from 16-42 kg/tree but fully mature trees produced 
200-300 kg/tree. 

Australia 


The area under production is limited mainly to the Queensland area and is centred on 
commercial orchards. Observed yields at the 4th year from planting varied from 40-70 
kg/tree, in the 5th and 6th years the yield was in the range 80-120 kg/tree. 
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In 1981, the area under production was approximately 700 ha Average yields of 2,000 
fruits/tree, equivalent to 60 kg/tree, were recorded in favourable years, falling to 800- 
1000 fruits/tree in an off season Mature trees, in favourable seasons, were observed to 
be capable of producing 5-6,000 fruits/tree or 150-180 kg/tree 

Puerto Rico 

The area under production is very limited but average yields of 130 kg/trcc have been 
reported 

FRUIT STORAGE AND PHYSIOLOGICAL REACTIONS 

With a rise in consumer demand, the quality levels of fresh fruits have become more 
important in recent years and producers have responded actively to this requirement, 
particularly in the area of presentation and marketing One of the important factors 
involved in the distribution and marketing chain is the extension of the shelf life of fresh 
fruits through short-term storage 

At the present time, the use of cool stores, modified or controlled atmosphere storage for 
fresh rambutan fruits has not been widely adopted although, as both the regional and 
international exports markets for fresh fruits expand, this may become more widespread 
Most of the recent and current research and development work has therefore been 
centred on the use of polyethylene and other types of plastic bag storage and the 
following experimental results reflect this current stage of postharvest storage 
technology. 

A significant amount of research work has been carried out, in most producing countries, 
on the physiological changes which occur in the rambutan fruit after harvest, also during 
the Storage and other operations through wliich both fresh and processed fruits pass 
before they reach the consumer. 

Some of the physiological changes which take place in the fruit after harvest have already 
been briefly referred to in Chapters 2 and 3 These changes are of significant commercial 
importance and may be summarized as follows: 

Temperature and weight loss 

Ambient temperature storage 

Weight loss, even at ambient temperatures in the region of 25"C, may be significant 
(Agravante, 1982), This is due to the loss of moisture through the spinterns since they 
represent a high surface area to volume ratio; Pantastico gi al (1975) attributed this to the 
numerous lenticels present on the spinterns Wanichkul (1980) found that the eultivar 
'Seechompoo' lost 15% in weight in the first two days after harvest when kept in an 
ambient temperature and, after a further three days, the total loss amounted to 25%. The 
eultivar 'Binjai' lost 22% in weight after eight days of storage in ambient conditions. 
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Polyethylene bap sto^a^e 


At a storage temperature of 31°C for six days, the cultivar 'Maharlika' lost about 46% in 
weight, while at 7°C the same cultiyar lost only 28% (Mendoza et aj., 1972). Table 15 
shows the loss in weight of 'Maharlika' fruits stored for six days at yarious temperatures, 
also the significant reduction in moisture loss which was achieved by the use of 
perforated polyethylene bags, the loss at 3PC being reduced to 4%. With sealed bags, 
the water loss was reduced even further to less than 1%, even at a temperature of 31°C. 
It was observed, however, that deterioration due to various types of decay organisms 
resulted from the use of sealed bags, particularly at the higher temperatures 

Table 1 5. Weight loss of 'Maharlika' rambutan fruits after storage for six days at different 
temperatures. Fruits were exposed to ambient temperatures and were stored in 
polyethylene bags, both perforated and sealed 


T emperat ure/T reatment 

% weight loss 

34°C Ambient temperatures 

46.5 

Perforated bags 

3 8 

Sealed bags (3.3% CO 2 - 7.9% O 2 ) 

06 

27°C Ambient temperatures 

44.8 

Perforated bags 

3.5 

Sealed bags (3% CO 2 - 8.2% O 2 ) 

0.5 

IS°C Ambient temperatures 

33,7 

Perforated bags 

3.2 

Sealed bags (2.8% CO 2 - 8 6% O 2 ) 

0.5 

IC’C Ambient temperatures 

29.1 

Perforated bags 

2,8 

Sealed bags (2.4% CO 2 - 9 0% O 2 ) 

04 

7°C Ambient temperatures 

28,2 

Perforated bags 

2,5 

Sealed bags (2.2% COi - 9.3% 0->) 

0 4 


Source; Mendoza et aj., (1972) 

A form of modified atmosphere storage, using both sealed and perforated polyethylene 
bags, has been investigated by many other research workers. The main conclusions are 
that the spimerns lose most weight, followed by the skin and, finally, the aril. 

The level of off-flavoured fruits was reduced by storage in perforated bags, compared 
with fruits stored without packaging In general, fruits stored at 5 and 10°C had a better 
storage life than fruits kept at either ambient temperature or 20'’C and fruits which were 
stored in sealed bags showed a negligible moisture loss. Perforated bag storage is 
effective but fruit deterioration is generally more rapid than when sealed bags are used 
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Carbon dioxide levels in sealed bags were found to range from 7,5% to 9 2%, remaining 
constant at seven and fourteen days of storage. This level of carbon dioxide would 
appear to be optimal for retarding fruit browning (Lee and Leong, 1982) 

The effects of temperature and packaging materials on post-harvest quality and storage 
life of rambutan cultivar 'Seechompoo' were also investigated by Anucha-Inpun (1984) 
The treatments used were storage in non-perforated polyethylene bags, perforated 
polyethylene bags and plastic baskets at 10,15 and 20°C, also at a room temperature of 
29.7°C. The fruits stored in the non-perforated polyethylene bags at 15°C had the best 
appearance and eating quality after 9 days in storage The percentage of weight loss was 
9.71% and the percentage of total soluble solids decreased gradually. At room 
temperature, in the three packaging materials, the storage life was only 3 days. 

More recent studies on the effects of packaging and modified atmosphere on the shelf life 
of rambutan were reported by Mohamed and Othman (1988). They found that fruits 
showed dehydration and rapid darkening of the skin in 72 hours or less when stored 
unwrapped at ambient temperature At a temperature of 8°C, the shelf life of fresh 
unwrapped fruits was extended to 6 days Packaging in low permeability conditions, 
such as in rigid polyethylene containers, combined with low temperature storage, 
extended the shelf life to 18 days Increasing the initial CO 2 concentration to an optimum 
level of 7% at 8°C effectively suppressed the respiration of fresh fruit and extended the 
shelf life to almost 30 days Vacuum packaging, with a total absence of oxygen, was 
detrimental to the shelf life of fresh fruits since respiration virtually ceased. A good 
correlation was found between weight loss, skin darkening and fruit firmness and it was 
concluded that postharvest deterioration of fruits was largely due to physiological 
changes 

The optimum storage temperature for rambutan in polyethylene bags would therefore 
appear to be about 10°C, At this temperature, fmits in perforated bags remain 
marketable for 10 days, in sealed bags fruit quality is retained for 12 days 

Fruit_coatings 

Wax formulations have been found to reduce weight loss by transpiration in some 
instances, when applied to single fruits, but were effective for only two days of storage, 
after which high moisture losses can occur (Mendoza et ai , 1972). Fruits in clusters, 
treated with wax, were stored in perforated and sealed bags at various temperatures, 
including ambient The optimum storage temperature was found to be I0°C Weight loss 
of both waxed and unwaxed ftuit was less than 15% but, after 14 days, the waxed fruit 
retained a good colour while the unwaxed fruits were dull red (Lam and Ng, 1982). 

C hem ical treat ments 

Further studies on the storage of fmits in polyethylene bags, combined with chemical 
dipping, have been carried out by Suhaila Mohamed et al (1988) in Malaysia They were 
particularly concerned with the effects of dipping fmits in various chemical solutions and 
treatment with sulphur dioxide on the shelf life of freshly harvested fruits Their main 
conclusions were that dipping fmits for 5 minutes in sodium metabisulphite, calcium 
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chloride mixed with metabisulphite, and calcium chloride mixed with ascorbic acid 
helped to reduce the percentage of unacceptable fruits by up to 30% when they vvere 
stored in polyethylene bags at 8°C. 

Chemical dipping, combined with sulphur dioxide treatments, was less effective in 
prolonging shelf life, compared with low temperature storage The authors concluded 
that techniques which reduced the rate of respiration and dehydration were more 
effective in prolonging shelf life than methods which inhibit enzymatic browning 'fhe 
fruits subjected to sodium metabisulphite combined with calcium chloride dipping for 5- 
10 minutes and stored in bags at 8°C maintained a good quality up to the 17th day of 
storage The shelf life of treated fruits stored at room temperature was not significantly 
different from the shelf life of untreated fruits. 

Low temperature storage 

Chilling injury can occur at low temperatures and, at 7°C, both the skin and spinterns of 
the fruit become brown although faiit quality may be unaffected (Somboon, 1984; 
Mendoza et al., 1972). Storage of fruits at 5°C for five weeks was found to be possible 
(Lam and Ng, 1982) without disease infecting the aril, although fruit appearance and 
flavour were both affected. 

Biochemic al changes 

These were studied by Mendoza gt al. (1972). They found that, in the cultivar 
'Seematjan', with increasing periods of storage at 2I°C, the TSS and T.4 levels in the aril 
rose slightly with increasing length of storage, while the starch content decreased. Fruits 
of the same cultivar, stored at 26.3°C for six days, showed no significant change in the 
TSS content of the aril The pi I and TA also remained relatively stable over the same 
period (Agravante and Lizada, unpublished data). It was therefore apparent that the aril 
may remain at an acceptable edible level, even when the spinterns and skin show' severe 
desiccation and loss of visual quality. 

The cultivars 'Scechompoo' and 'Rongrien', harvested at 19 and 22 days after colour 
break, were found to have TSS contents of 18.7% and 19.5% respectively (Somboon, 
1984). After 9 days of storage at 10°C, these values increased by 1.5% and 0.1% 
respectively Somboon also found that fruits of the same two cultivars, harvested 
between 16 and 22 days after colour break, had an acceptable taste when stored at 5, 10 
or I5°C for nine days Fruits harvested at other maturity stages and stored at the same 
temperatures for the same period show'ed a significant loss of taste 

The compositional changes taking place in rambutan fruits during storage at two 
temperatures have also been studied by Pauli and Chen (1987). The sucrose content of 
the aril increased from 51 mg/g to 76 mg/g when fruits were stored at 12°C but no 
change occurred when they were stored at 22°C. Titratable acidity critically declined 
and then increased at both storage temperatures Succinic acid was detected in the aril at 
harvest but rapidly declined and a high level of citric acid was maintained during storage; 
no malic acid was detectable 
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Respiratory activity 

The respiration rate of fruits of many cultivars harvested at various stages is particularly 
high immediately after harvest and immature fruits have a much higher rate of respiration 
than more mature ones. The respiration rate decreases after this initial surge (Mendoza 
et al„ 1972). 

Some cultivars, however, particularly 'Rongrien' . may show a decrease in respiration rate 
for the first day after harvesting, followed by a rapid increase at 2.S“C. (Figure 18.^). 
Ethylene production showed a similar pattern, being undetectable immediately after 
harvest but increasing a day later (Kosiyachinda, unpublished data). These reactions are 
shown in Figures IS.Aand 18B 

During storage, fruits of the cultivar 'Seematjan' also showed a significant increase in 
both respiration and ethylene production during storage at 26-32°C, the main increase in 
respiratory activity occurring 3 days after harvest. Ethylene was also produced in 
moderate amounts (Figure 18B). 

These reported increases in both respiration and ethylene production do not appear to be 
associated with ripening but with deterioration of the fruits and the ethylene production 
may be considered to be a result of moisture stress (Yang, 1980), It is generally accepted 
that the rambutan is a non-climacteric fruit and this was confirmed, by Mendoza gt a]. 
(1972), based on the carbon dioxide absorption pattern exhibited during storage. 

Fruit processing 

In a consideration of the factors relevant to the planning of a diversified thiit processing 
plant, Muhammad (1972) summarised the main factors which are related to the storage 
and processing of rambutan He stated that rambutan has a non-climacteric type of 
respiration, with a decreasing rate during ripening and storage. Storage decay could be 
effectively controlled by treating the fruits with 100 ppm of benomyl and wax coatings 
reduced moisture loss for 2 days only. The most elfective storage procedure consisted 
of wrapping the fruits in sealed bags and holding them at 10°C and 95% relative humidity 
to achieve a shelf life of 12 days At high temperatures, however, in the region of 32- 
37°C, ventilated bags were found to be preferable. The most satisfactory material for 
reducing weight loss during transport and storage was found to be sawdust. 

POST HARVEST OPER/VTIONS 

A. Fresh Fruits 


In order to achieve acceptable marketing standards, fruits are graded and sorted as soon 
as possible after harvesting Consumer preferences vary from country to country' and are 
based on traditional standards Watson (1984) stated that the Asian preference is for a 
crisp, freestone fruit, regardless of the presence of adhering testa The European taste is 
biased tow'ards a sweet, stringless type of fruit without any testa adherence. Clones 
which have a firm and crunchy aril, such as RI62, are suitable for both table and canning 
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Figure ISA. Respiration rate and ethylene evolution in 'Rongrien' (A) and 
'Seechompoo' (B) fruits at 16 to 22 days after colour break at 2S°C. began to 
exhibit desiccation of peel and spinterns. (Source: Kosiyachinda (unpublished 
data)) 
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Figure 18B. Respiration and ethylene production in harvested ’Seeniatjan' fruit 
(Source: Agravante and Lizada (unpublished data)). 
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purposes. Dual-purpose clones are more desirable since this characteristic can reduce 
marketing problems in times of over-production (Lam and Kosiyachinda, 1987) 

No mechanized grading equipment is used in the major producing countries and all 
sorting and grading is carried out manually, at various stages in the marketing chain The 
main criteria used are: fruit shape, colour and overall appearance (Kosiyachinda et aj , 
1987). In Queensland, Australia, weight graders are now in common use, also brushes to 
remove surface debris from the spinterns (Watson, personal communication) 

Grad in u and h andling 

Gradine operations 

The following grading procedures are operated in various producing countries: 

Indonesia 

The fruits are sorted during the evening of the day they are picked or early next morning 
and are separated from the clusters before being transferred to plastic net containers 

Malaysia 

Fruits are sold in bunches which are trimmed to remove leaves, twigs and immature fruit 
These are then graded by size and transferred to bamboo baskets. Loose fruits are sold 
to small retail shops 

Thailand 

Individual fruits, which represent the bulk of retail sales, are sorted and graded in the 
field or packhouse A traditional form of presentation is the preparation of the fruits in 
bouquets which may either weigh one kilogramme or contain 20, 50 or 100 fruits, the sale 
price of these is higher than that of the loose fruits 

Philippines 

Individual fruits are generally detached from the clusters prior to sale but some fruits are 
sold as entire clusters. 

In all producing areas, poorly coloured, immature or damaged fruits are removed but 
some allowance may be made for early and late season fruits in that slightly immature 
fruits are acceptable for early season crops and slightly over-ripe fruits for late season 
crops (Kosiyachinda et a!., 1987). 

Grading stand ards 

Fruits should be fresh, attractive and colourful and the skin and spinterns should be of the 
appropriate colour and free of defects such as bruising and insect damage. Fruits 
weighing more than 30g arc preferred The aril should be thick and should separate 
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easily from the seed, which should be small; it should also be free of any ofl'-flavours due 
to fermentation caused by skin damage Aril texture should be firm, with about 18% of 
total soluble solids but should not be tough or watery (Kosiyachinda et al., 1987) 

In Thailand, fruits are marketed in three classes, based on appearance: very good, good, 
and fair, there are also three size grades: large, medium, and small. These sizes are based 
on custom and general agreement between farmers, wholesalers and retailers Some 
large-scale buyers require that the fruit stem should be one centimetre or less but some 
processors require stem-less fruits (Kosiyachinda et a!. 1987). 

The initial grading made by farmers is mainly aimed at removing under-sized, poor 
coloured or damaged fruits but it may also depend on the market for which the fruit is 
intended. Wholesalers and retailers grade to ensure a high overall quality, acceptable to 
the consumer Exporters maintain rigorous standards, with only the first quality fruit 
being acceptable (Kosiyachinda et a)., 1987). 

Until recently, no specific grading standards for exported fruits existed but, in 1987, 
standards based on EC guidelines were introduced for the cultivar 'Rongrien' and pink 
cultivars. The Special grade for 'Rongrien' is 25 fruits/kg. First grade 28/kg and Second 
grade 32/kg, 

For the pink cultivars, the Special grade is 28/kg, First grade 32/kg and Second grade 
36/kg (Visetbhakdi, 1988) 

Storaue 

Cool stores, with a modified or controlled environment, are rarely used for fresh 
rambutan fruit storage since the main requirement is to transport the fruits to the market 
as rapidly as possible, preferably within one day after harvesting A significant amount of 
work has, however, been associated with retarding senescence by packing fruits in sealed 
polyethylene bags, as has already been outlined in the section on temperature and weight 
loss, sometimes with an added packing material such as sawdust or vermiculite The 
main objective of this treatment has been to reduce transpiration (Mendoza, 1972) 

In Australia, fruits are packed in 2.5kg boxes lined with polyethylene 'cling wrap' or 
perforated proprietary brand of plastic film Combined with cool storage, this packaging 
technique will prolong shelf-life up to two weeks (Watson, personal communication) 

The absence of light appears to delay or reduce deterioration and fruit should therefore 
be stored in subdued light, in dark-coloured bags or in a darkened room. 

Storaue temperature 

The physiological effects of temperature on fruit storage have already been outlined, with 
specific reference to storage in both perforated and sealed polyethylene bags. The 
general conclusion regarding this form of storage is that perforated or sealed bags can 
prolong the shelf life of fruits for up to 10 to 14 days, in a storage temperature of I0°C. 
This technique, however, is not currently used to any appreciable extent by rambutan 
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producers although it appears likely that it will become increasingly useful for medium to 
long-distance transport. 

Packag ing and transpon 

The flexible spinterns of the rambutan provide a measure of protection against damage 
during storage, handling and transport, particularly when they are harvested at the 
optimum time With adequate care, therefore, rambutan fruits can reach the consumer in 
good condition 

Packaeinu materals 

The most popular containers for fruits intended for the local trade are bamboo baskets 
and these are used in most producing countries. Wooden boxes and woven bags are 
preferred for long-distance road transport and corrugated fibre-board cartons are used 
for air-freight transport 

Exports of fresh rambutan fruits, particularly to non-producing countries in S.E. .^sia and 
nearby regions, have developed rapidly in recent years and future prospects appear to be 
very promising Types of carton used for export by air freight from Thailand have been 
investigated (Anon, 1087). Fibre-board cartons, holding 5kg of fruit, included humidifier 
pads and were stored at I3°C for several days before being air freighted to Hong Kong. 
The fruits were in good condition on arrival and were then stored for 2-6 days before 
being placed in an ambient temperature The fruits which were packed with humidifier 
pads remained fresh, whereas the controls developed dry' spinterns and dry skins after 
about 3 days exposure to ambient temperatures 

Bamboo b askets 

These are traditionally used in most producing countries They arc readily available and 
cheap to construct; they may or may not be returnable. There may be a considerable 
variation in size; in Indonesia baskets measuring 50x50x50cm are in common use. The 
shape also varies from circular to rectangular and baskets designed to carry fruit weights 
of 20- 50kg are usual It is normal practice to pack the clusters of fruits neatly in the 
basket and then invert a slightly larger basket over the top, securing it firmly with string 
(Zerrudo et a! , 1987) 

A means of reducing damage during transit to spinterns and skin is to line the baskets 
with leaves of rambutan, banana or other available plant, or newspaper 

Fruits packed on the farm are often compressed in order to save on space and freight 
costs and baskets are often over-filled to about 15°i of their capacity The baskets are 
then tied with plastic or rattan strips Weight loss of the fruits after three days may be as 
low as 1% (Prueksakij g) , 1976) 
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Wooden containers 

In the Philippines, wooden crates are used to ship rambutan fruits between the islands 
These are non-returnable, being made from surplus wood pieces. The shape is normally 
rectangular and they contain 20-25kg of fruit Lining with leaves or newspapers is 
optional. These crates are stackable and are more rigid and stronger than bamboo 
baskets; they also provide more air circulation and heat dissipation Crates are 
disposable, unlike bamboo baskets, which may be used for up to six times (Kosiyachinda 
et a!., 1987). 

Miscellaneous types of container 

For the export market, corrugated fibreboard cartons are in common use, these have a 
capacity ranging from 3.5 to lOkg. Other types of container may be used for short- 
distance transport, such as those made from the dried, woven leaves of PcmJanus spp. 
These can have a capacity of from 15-20kg of fruit and are used where bamboo is not 
available. Plastic or mesh bags are used on a small scale, mainly by retailers 
(Kosiyachinda et a]., 1987). 

Transport of fre s h fruits 

At the local market level, particularly in Malaysia, a significant proportion of the fresh 
fruit crop is transported by bicycles or motorcycles, wholesalers use lorries or vans In 
Indonesia, fruits are carried manually over short distances, packed in baskets, with a pole 
across the carrier's shoulders Trucks, trains or buses are used to transport fruit over 
longer distances 

In the Philippines, sleds hauled by draught animals are often used to transport fruit from 
inaccessible areas to the main road where it can be transported to the market by bus or 
truck 

In Thailand, transport is by motorcycle, tractor-drawn trailer or truck. For long-distance 
transport, 8 to 14 tonne capacity trucks are used, although I tonne pick-up trucks are 
often favoured for smaller quantities. Large trucks are often fitted with horizontal 
wooden dividers to avoid compression where bamboo baskets are used 

Transport by road can induce the development of decay organisms due to physical 
damage which may be increased by inadequate packaging Exposure to high 
temperatures during transit will also contribute to internal heating The size of loads 
should therefore be reduced, to lower fruit temperatures during transport 

Funuicidal and other prc-tre atmenls 

At the present time, cooling or pre-treatment of the fruits by the use of fungicidal dips, 
which are commonly used for litchi fruits, are only occasionally applied to rambutan 
fruits intended for the fresh market Experimental work has, however, shown the 
usefulness of dipping fruits, prior to storage, in various chemical solutions, as outlined in 
the section on Postharvest Physiology. 
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Plate 20. Fruits in clusters in bamboo baskets 
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Plate 21. Packed fruits. a»aitiiit> transport to market 
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Rambutan fruits which have been dipped in either a solution of gibberellic acid at a 
concentration of 20 ppm or a 2% lime solution for 10 minutes will retain their marketable 
quality for 3 days at ambient temperatures. Untreated fruits become desiccated and 
brown after 3 days. The cultivar 'Rongrien' showed better response to the treatment than 
'Seechompoo' (Soemsuk Salakphet. 1081). 

Exported fresh fruit should be dipped or drenched in a suspension of a suitable fungicide 
and then air-dried before being packed Hot-water treatments, dipping in calcium 
chloride and high temperature treatments have not proved to be successful 
(Visarathanonth, unpublished data) 

Irradiation 


The preservation of fruit quality by using low levels of irradiation is not yet a common 
practice in countries where rambutan is produced on a commercial scale but some 
experimental work has indicated the value of this technique, particularly for exported 
crops. 

Studies on irradiation of tropical fruits, including rambutan, were undertaken in Thailand 
by Loaharanu (1971), using gamma irradiation at exposures of 1, 20, 30, 40, 50, 60. 80, 
100 and 120 krad. The fruits were stored at 17-I8°C .'Xfter 12 days of storage, 100% 
of the control fruits were spoiled, compared with 40% in the lOOkrad treated samples. It 
was concluded that this treatment caused an extension of storage life and that no 
significant differences, in terms of nutritive values and organoleptic properties, were 
observed between the irradiated and control fruits However, a dose of 120 krad was 
found to cause a darkening of the skin during storage. 

Irradiation studies by Kovacs and Tengomnuay (1972) on the rambutan cultivars 
'Bangyeekan' and 'Pink', indicated that the 'Pink' cultivar had far more favourable 
properties than the 'Bangyeekan' cultivar. from the point of view of radiation 
preservation Radiation levels of 100 krad were favourable to preservation and. after 8 
days of storage, the weight loss of irradiated fruits was found to be 15% less than that of 
the controls Reducing sugar levels were not affected by irradiation but a slight decrease 
in titratable acidity occurred after storage About 40% of the control sample of the 'Pink' 
cultivar was spoiled after 10 days and 100% after 16 days whereas, after 18 days, the 
spoilage in 50 krad treated fruits was only 50% 

More recent work by Avadhani and Fatt (1978) showed that irradiation at 150 krad 
caused a 36% decrease in the respiratory activity in the pulp tissues isolated from fruits 1 
week after treatment They also observ'ed a 40% increase in the total sugars in the pulp 
and a 50% increase in the anthocyanins in the rind of irradiated fruits, compared with the 
controls. 
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Dryinu 


A method of drying rambutan fruits in the Philippines has been described in the Food 
Technology Digest (1986) The dried product is prepared by soaking fruits in a 40°Brix 
sugar syrup for 3 days, then drying the fruits to a moisture content of 19%. The dried 
product will remain in good condition for up to 5 months at room temperature, with no 
physical or chemical change occurring. 

Canning 

Well-established canning industries exist in Malaysia and Thailand Ripe fruit for canning 
should have a Brix reading ranging from 14-20'’ but a sugar solution is nonually added 
Fruit for canning in Thailand is purchased on a minimum size requirement and not on 
cultivar or peeling characteristics (Watson, 1983) 

Investigations carried out in Costa Rica on the potential of rambutan fruits for canning 
were reported by Ortiz and Cordero (1984) They found that peeled fruits which were 
canned in syrup and stored at room temperature for 9 months retained a good 
appearance with a very satisfactory taste. Fruits which were most suitable for canning 
were those which were harxested when yellow, approximately 1 5 days before the harxest 
date for fresh consumption. 

C Seed stora ue 

The structure and development of the rambutan seed has been outlined in Chapter 3 and 
a brief account of propagation by seed has been included in Chapter 5. 

The rambutan seed is recalcitrant and cannot withstand the drying or low-temperature 
conditions which are normally used for the storage of seeds (Chin, 1970). When kept 
under relatively moist conditions at a 30% moisture content, at a temperature of 2FC, 
seeds can remain viable for 3-4 weeks but will begin to sprout in storage unless they are 
soaked in the juice of the pulp 

Teng and Hor (1977) have reported that rambutan seeds are best stored, with the arilloid 
juice, at about 20°C in moist sawdust in polyethylene bags Teng (1977) has also 
observed that fresh rambutan seeds containing 32 .3% moisture normally gave 100% 
germination After 2 weeks under ambient conditions (28-30°C, R H 90%), howexer, 
the moisture content fell below 13% and the seeds were found to be non-viable 

Further work by Chin (1975) on seed storage showed that sun-drying for 8 hours or 
oven-drying at 30°C killed all seeds within 1 week of storage Seeds stored well in moist 
sawdust or charcoal for 3-4 weeks. They sprouted readily during storage. Unwashed 
seeds, or seeds treated with juice from the aril remained viable for 4 weeks in moist 
sawdust, without sprouting. 
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CHAPTER 10 

PESTS, DISEASES AND NON-PATHOGENIC DISORDERS 


INTRODUCTION 

Methods of control and techniques used 

The data used in this chapter have been obtained from several publications but the main 
sources used are Visarathanonth and Hag (1987), Shamsudin and Chettanachitara 
(1987); Muchjajib (1990) and Ruamsuke (personal communication) 

ORCHARD PESTS 

Several insects can infest rambutan in the various growing areas but few of them appear 
to have ever reached epidemic proportions Many pests can be satisfactorily controlled 
by observing good standards of orchard management, combined with some routine 
insecticidal sprays Pesticides are used on many commercial orchards but the small-scale 
and home garden trees are rarely treated with chemicals The use of very toxic 
insecticides (like monocrotophos) should be avoided 

A limited amount of research has been carried out on the insect pests of rambutan and 
the details of life cycles and effective control methods is therefore relatively limited. 
Published data on nematode infestation, methods of biological control and integrated 
pest management arc almost non-existent The following appear to be the most 
commonly occurring pests in the major production areas: 

LEAF-EATING LOOPER {Oxyoc/es scrohicukUa Fabr ) 

This is an important pest in many producing areas. 

Symptoms and damage 

Leaves and young shoots are eaten by the young caterpillars, mature caterpillars eat both 
young and mature leaves Their excretions can sometimes be observ ed on the soil below 
the tree canopy 

Control: 


Routine spraying with malathion, carbaryl* or pyrethrins 
RAMBUTAN STINK BUG (Tessaraloma Jcmiiiica Thnb ) 

Considered to be a major pest of rambutan, it is widespread throughout Malaysia and the 
Philippines A similar species, T. iHipil/osa Dru., the Litchi Stink Bug, is reported to be 
limited to infesting litchi and longan 
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Plate 22. (iold-dust or green weevil {Ilypoineces sqiianidsiis) 


Plate 2i. 

I.eaf-eating loopcr 
iOxyodes scrohiciilata ) 
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Plait 24. 

Inflorescente inrtsltd 
with Mtalv ltii}> 


Plate 25. 

Inflorescence infested 
with scale insects 



Copyrighted material 


129 


Sy mptoms and D amage: 

The large bugs develop in clusters and feed on the sap of young lea\ es, shoots and young 
inflorescences, producing a toxic saliva They eject an odorous liquid when disturbed, 
this may cause necrotic spots to develop on young leaves. 

C gntr Ql : 

In the early stages of infestation, hand-picking may be effective, particularly when the 
insects are in clusters. Successful trials in China, using an egg parasite {Aiiaskitiis sp ), 
have been reported (Hill, 1983). Applications of chlorpyrifos' or treating ripening fruit 
with a bait mixed with an insecticide are generally recommended 

QQLDrP-UST_0,R GREEN VS'EEV ll. (Hypomeccs .squamosus F.) 

A common pest on rambutan in Thailand 

§ymBfQ.nii4nildamage 

The adult green weevil eats notches in the young leaf margins, limiting the level of 
photosynthesis, and groups of weevils may feed on young shoots, fntlorescences may 
also be attacked, in severe infestations. 

Control: 


Colonies of weevils can be removed by hand picking but sprays with carbaryM are 
generally effective 

COCOA P OD B ORER (Acrocerops cramen'I/a Sn.) 

This is also referred to in recent literature as Cmiomorplm awnerelkt (Snellen) and is 
essentially a pest of mature fruits It is described in the section on Post-harvest Pests 

T HRIPS (Thnps spp.) 

Symptoms and damaee 

Young shoots are stunted and young leaflets become curled Infested inflorescences are 
also stunted, florets often fall and fruit setting is severely reduced When young fiuits 
are attacked, the spintems are stunted and turn brown. The most serious thrips 
infestations occur early in the dry season 

Control: 


The use of systemic insecticides which %vill not damage the inflorescence 
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MEALY BUG (Planococvus cilri Risso. or /'. lilaaiiiis Ckll ) 

This pest is common on rambutan in the Philippines Young, active mealy bugs may live 
on the developing inflorescences and feed on the sap exuded from the young flowering 
shoot. They are, however, considered to be more damaging to the fruit and are 
described in the section on Poslharvest Pests 

SCALE INSECTS (C’wrt/.v spp ) 

Several different species of scale insects may infest the young shoots, leaves and 
inflorescences 

Symptoms and damaue: 

Scale insects are controlled to a considerable extent by natural enemies Where damage 
occurs, the shoots, leaves and inflorescences become desiccated and brown and the scale 
in.sects, which adhere closely to the infested tissues, can be clearly observed 

Contro l: 

In the early stages of infestation, the leaves and shoots can be removed by pruning In 
more severe infestations, spraying with carbaryM or dimethoate* mixed with white oil 
emulsion can be an eflective treatment. 

MITES (Telraiiychus ciimaharhms (Boisd.) and other species 

These mites are wide-spread throughout the tropics. 

Symptoms and d amag e 

Clusters of yellow spots develop on the upper surface of leaves and the undersides are 
infested with minute green or red mites. The inflorescences may be infested, affecting 
fruit set Leaves turn red, wither and finally fall 

Control: 


Spraying is only necessary' with severe infestations, using dimethoate', derris, malathion, 
mineral oil or formothion ' 

ORIENTAL FRUIT FLY (Dacus dorsalis Hend.) 

This pest is widespread throughout India, S E. Asia to China It is rarely serious on 
rambutan, due to the protection afforded by the spinterns. 

Symptoms and damaue 

The female flies deposit their eggs through the skin of developing fruit and sap may ooze 
from these punctures The larvae feed within the fruits, making them inedible, and 
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bacterial and fungal secondary infections may result Infected fruits normally drop before 
harvest 

Control: 

Removal of infected fruit will reduce the level of infection and sprays containing 
dimethoate* are partially eflective Baits such as yeast protein hydrolysate mixed with 
malathion and attractants such as methyl eugenol are strongly recommended 

LEAF-EATING CATERPILLAR (Dudusa nohiUs) 

Rambutan appears to be the main host of this pest 

Symptoms and damatte: 

Mature leaves are rapidly eaten and, in severe infestations, trees may be partially 
defoliated. The main feeding period appears to be when young shoots and leaves 
develop, soon after harvest 

Control: 

Chemical sprays of carbaryl' or pyrethrins are normally applied If detectable, the sites 
of origin of the insects should be destroyed 

FRUIT-PIERCING MOTH (Olhreisfii/loiiia (Cl.)) 

Occurs throughout India, S.E. Asia, the Philippines and is present in northern Australia 
This pest usually damages only mature fruits and is rarely serious. Control can be 
obtained by using pieces of banana or pineapple treated with carbaryl'. 

BLUE-STRIPED NETTLEGRUB (Parasa lepicia Cram ) 

Distributed throughout S.E. Asia, normally infesting mango The larvae have protruding, 
stinging hairs. 

Symptoms and damage: 

The young larx^ae eat the surface of leaves, the mature adults feed on the whole leaf 
Control: 


Removal of infested shoots by hand, chemical sprays arc rarely necessary. 

FLOWER-EATING CATERPILLARS {Aiiloha spp., Eiihlemnui versicolor Walker) 

The taxonomy of these caterpillars appears to be somew hat confused These pests infest 
a wide range of fruit species. 
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Sv mpioms and Damage: 

The inflorescences and young leaves are eaten, particularly during the flowering period 
The adults protect themselves by producing a surrounding web 

Control: 


Since some formulations of contact insecticides can damage flowers, it is preferable to 
use only systemic insecticides, both before flowering and after fruit set 

RED TREE ANT (OecophyUa smant^dina (F.)) 

The distribution of this pest extends from India to S China and Australia 

Symptoms and damag e: 

The ants use a range of materials to construct their nests, using silken threads to sew 
leaves together They may promote infestation by mealy bugs and hamper harvesting 
when the infestation is severe (On the other hand, the ants can be very elTective 
biological control agents) 

Control: 

Complete nests may be removed and destroyed and spraying with malathion at intervals 
of two weeks is often effective 

Minor pests 

Pests which may also occur In some areas, but which are generally of minor importance, 
include: 

FRUIT-PIER CING MOTH (Serroihs cam/Hwa) 

LEA F BEETLES (RhypariJa spp.) 

FRUIT-SPOTTING BUG {AmhIypelUi hucscais) 

LEAF-EATER {Neosauropus ahernns Walk ) 

MANGO TW'IG BOR ER (Niplioiioclca alhala. N. cxipilo) 

GIANT BUG {Tessaraloma loiigkoriic Dohrn ) 

FLYING FOXES. FRUIT BATS {I’leropiis coiispicillaliis) 

These may be particularly serious In Australia 
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POSTHARVT.ST PESTS 

Of the 118 different species of arthropod pests which have been recorded as infesting 
rambutan trees, only a few species have been observed to cause significant loss of quality 
by infesting the fruit after harvest (Yunus and Ho. 1980) All, except one, of these pests 
(Acrocerops cramercl/a) damage the fruit externally The following list includes pests 
which occur in the main production areas: 

COCOA POD BORER (AcnKerops cnwierella Snellen), now often referred to as 
Conomorpha cramcrclla (Snellen). 

Loke e) a! (1984) reported that Acrocercops cramerella (Snellen) was found to be a 
minor but endemic pest of rambutan in Peninsular Malaysia which only infested mature 
and ripening fruits At least two generations could be produced in one fruiting season 
Eight out of eleven clones studied were found to be apparently resistant, the other three 
were highly susceptible The developmental stages of the A. aamercHa larvae infesting 
rambutan were found to be similar to those of the same species which infested cocoa, 
except for slight variations in colour and size, but their feeding behaviour and the damage 
they inflicted on rambutan were quite different and less serious than was observed in 
cocoa. 

Symptoms 

There are no external symptoms of infestation but, when the rind is removed, the aril and 
sometimes the seeds, are seen to be covered with the unsightly larval exudate. 

Ln^eci a ctivity and resultant damaue 

The laryae penetrate the fruit skin and feed on the rind, the aril and, occasionally, the 
seed The usual point of entry is near the top of the fruit, close to the peduncle; the 
larvae are also sometimes found tunnelling between the rind and the aril. Infestation is 
likely to increase as fruit ripening progresses and as many as 40% of the fruits of some 
cultivars may become infested In many cultivars, however, the infestation level is in the 
10-15% range Early-ripening cultivars may have a low level of infestation, compared 
with late-ripening cultivars This pest also infests cocoa in Malaysia, Indonesia and the 
Philippines 

Preyenlien and Co ntrol 

As the fruits reach maturity they should be sprayed, at intervals of 14 days, with 
trichlorphon, carbaryl' or pyrethrins at a concentration of 1% At least two weeks 
should elapse between the final spray application and consumption (Shamsudin and 
Chettanachitara, 1987). 
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MEALY BUG {.PlaiuKocciis citri Risso, or P. liladims (Ckll.)) 

Symptoms 

Fruits are observed to be infested with the insects and their white secretions which later 
become blackened, due to the proliferation of the Sooty Mould fungus {Me/iola 
nephelii) which feeds on the secretions 

Insect activity and resultant dam aue 

The young mealy bug (crawler) which can move, feeds on the sap exuded by the fruit. 
At maturity, it becomes fairly static, secreting a white, floury mass which covers the body 
surface and gradually spreads over the surface of the fruit skin and spintems 

Prevention and control 

This can be largely achieved by good cultural practice but the application of chemicals to 
control the ants which promote the spread of the mealy bug may become necessary if the 
infestation is severe. These include white oil emulsion and lime-sulphur (Shamsudin and 
Chettanachitara, 1987) 

SHOOT AND FRUIT BORER (DidwcnKix piiiwlifcnilis Guen ) 

This pest also infests a wide range of fruit trees and is distributed throughout India and 
S.E. Asia, particularly Thailand 

Symptoms 

The appearance of a silken web around the fruit, in which the trass excreted by the larvae 
is trapped. The web provides shelter for the larvae. Infested fruits normally drop before 
harvest 

Insect activity and resultant damaec 

The larvae of this member of the l.i‘piJopiera infest the ripening fruit by boring a large 
hole through the skin and penetrating the aril on which it feeds Fruits are sometimes 
bound together by the unsightly web. 

Prevention and Control 


Thinning infested fruits may be partially efTcctivc Some protection can be prosided by 
spraying with carbaryl* or other systemic insecticide. 
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SAP BEETLES (CarpophilitsdiniiJialiix (Fr ), margimlhis Mot ) 

Symptoms 

These are rarely visible until the fruit is opened 
Insect activity and resultant da mage 

The beetles enter through holes in the fruit which have been made by other pests such as 
fruit flies since they are unable to puncture the fruit surface. 

They feed on the juice of the aril, making it unsuitable for consumption 

Prevention and control 

Chemical sprays to control the initial infestation of puncturing or boring insects. 

ORCHARD DISEASES 

Approximately eight or ten diseases are relatively serious in rambutan production areas 
although several minor diseases have also been recorded The variation in agro-cliniatic 
conditions in the major producing areas, particularly rainfall, induces various levels of 
severity of outbreak; a disease which is prevalent in high rainfall areas may therefore be 
of only minor importance in drier areas 

The major diseases which occur in most producing areas include; 

Powdery Mildew (Oidium nepheli Hadwidjaja), Fruit Rot (Phyiopluhora iiico/ianae var 
/tarasitica (Dastur) Waterh and P. botryosa Chee); Anthracnose (Collclolnchimi sp ); 
Stem Canker {Fomus ligiiosm Klotzsch.; Pink Disease {Cortidiwi salmoiikok/r Berk, 
and Br.); Sooty Mould {Meliola nephehi)\ {Psendocercoxpora iiephclii sp nov ) and 
Vein Necrosis {Xmuhomonas iiepiKtUw Bart ). a relatively recently reported bacterial 
disease 

Diseases of less importance include: Cepbakuros virescens Kunze, an algal parasite. 
Leaf Spot (Phomopsis sp ), Brown Panicle (Solrylis and Ckidosporium spp.); Stem 
Canker (Dolahra nepheliae). Stem Die-back { Thyroiiecirki pseiidolrichia), Ophioceras 
sp. and Virus Chlorotic Ring Spot 

PO WDE RY MILDEW (Okkum nepheli Hadwidjaja) 

Probably one of the more widespread diseases of rambutan. The young and actively 
growing vegetative and reproductive growths arc susceptible to infection, the more 
mature leaves and fruits are rarely attacked. Clones with sweet-tasting fruits are more 
susceptible than clones with more acidic fruits and Walter (1976) has listed some less 
susceptible cultivars as: 'Simatjan'. 'Sinjonja', 'Silangkoe Atjeh’ and 'Kering Manis'. 
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Symptoms and damaae 

The spores are air-borne and all stages of' growth can be infected, but particularly young 
leaves, inflorescences and young fruits. The mycelia appear as a white-yellow, dusty 
deposit on the leaves and inflorescences. Floret drop may follow infection of the 
flowers. When fruits are infected, they also e.xhibit a white dust-like deposit, due to 
mycelial growth, on the skin, the spinterns are stunted, later becoming brown Fruits 
more than one centimetre in diameter when infected do not normally drop but remain on 
the tree in a stunted condition. 

Control 


Good orchard management, including pruning to encourage air and light penetration of 
the canopy and effective weed control to remove possible host plants will reduce the 
incidence Spraying w'ith fungicides such as copper oxychloride, sulphur compounds, 
dinocap, benomyl, mancozeb or zineb will also provide effective control of the fungus, 
particularly if applied in the early stages of infection. 

FRUIT ROTS (Phytophlhora iiicoliaiiae var parasilica (Dastur) Waterh. (= P. 
fxirasnica Dastur); Phytophthora hoiryosa Chee 

These two species of Phyiophihora have very similar symptoms They are widespread 
in most production areas. The fungus is present throughout the life cycle of the plant 
and is normally transmitted in water droplets Frequent rains, misty and cloudy overcast 
conditions encourage the spread of the fungus and sunny, warm weather retards its 
growth 

Symptoms and damaee 

Although the mycelia are present on the leaves and young stems, the main economic 
damage is to the fruit, particularly young fruits during the early rainy season. Fruits 
develop black spots on the skin and may drop and become brown, withering rapidly 
within days. Infected fruits emit a foetid smell The aril, as well as the skin, is infected 

Control 


Spraying with mancozeb or copper-based fungicides about one month before harx'est is 
frequently effective 

ANTFfRACNOSE {Colktotnchum sp.) 

One of the more serious diseases of rambutan and many other tropical fruits which is 
transmitted by both wind and water at all times of the year. 
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Symptoms and damage 

Leaves, inflorescences and fruits may all be infected Leaves develop brown, necrotic 
spots and the florets on infected inflorescences change from green-yellow to brown, they 
drop shortly aftenvards. Infected fruits, on ripening, develop brown-black spots and fall 

Control 


Regular pruning to retain an open canopy, allowing air and light penetration. Spraying 
with fungicides such as benomyl, sulphur compounds, carbendazim, and mancozeb 

STEM CANKER (Fomes Upiosus Klotzsch. = Rif’iJoiwms ligiiostis (Klotzsch.) 
Imazeki) 

This pathogen has been recorded as being serious in the Philippines 
Symptoms and damage 

The lateral roots of the tree are initially affected, the fungus then travels to the main root; 
the white mycelium on the root surface is clearly visible Aftecled roots become 
discoloured and the woody portion turns white, becoming soft and friable Leaves turn 
pale green, curling inwards, finally becoming yellow and falling 

Control 

Good orchard husbandry, particularly the removal of all infected roots, is usually 
sufficient to control the spread of the fungus Chemical application is normally 
superfluous 

PINK DISEASE (Corliciimi salmonicolor Berk and Br ) 

This fungus is particularly active during wet weather and is more serious on unpruned 
trees; it infects a wide range of tree crops 

Symptoms and damaite 

White patches, which later turn pink, develop on leaves and young branches which later 
die. More mature branches and trunks may show cracking when severely infected 

Control 

The spread of the disease may be checked by pruning to open the tree canopy Spraying 
with copper oxychloride, mancozeb and zineb may be necessary in severe infections 

SOOTY MOULD (Meliola iicphelii) 

Normally a secondary infection, after insect damage, often transmitted by wind. 
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Symptoms and damaee 

Leaves and fruits which are damaged by sucking insects such as Mealy Bug, Scales or 
Red Mites may become infected with the fungus Both leaves and fruits develop a black, 
sooty mould on the surface; the fungus uses the sugars in the 'honeydew' excreted by the 
insects as food The aril is not normally affected, but the fruit is rendered unsightly and 
unfit for sale. 

Control 

Good cultural practices can reduce the level of insect infestation. For serious outbreaks, 
spraying to control ants, scale and mealy bug infestations using carbaryl' and mineral oil 
is normally effective but these sprays can also be supplemented with applications of 
copper oxychloride, benomyl or other fungicide 

PseuJocercosfxmi iiephelii sp nov 

This is a seedling disease affecting rambutan, recently reported as occurring in Brunei, 
Sabah and Malaysia (Peregrine et a],, 1990). 

Symptoms and daniaue 

Necrotic lesions develop on seedling leaves, these sometimes cause complete defoliation 
and death of the seedling 

Control 


Spraying with mancozeb or benomyl during the nursery stage of growth 
VEIN-NECROSIS (Xanthomonas tiepheUae Barr ) 

This is a recently investigated disease which is considered to be the primary cause of 
Vein Necrosis Sirithom (1985) proposed that the designation oi Xatuhomonas pv 
nepheliciclap/xweae be adopted since this bacterium can infect specifically only 
rambutan 

Symptoms and damage 

Affected trees have either dried leaves or are leafless Infected leaves can be readily 
recognised by the presence of dark, necrotic areas along the veins and angular spots on 
the leaf blades Leaf buds and young leaves arc particularly susceptible. Outbreaks 
generally coincide with wet periods. 

Control 

None known, affected trees should be uprooted and burnt 
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Minor Disea ses 

ALGAL ENCRUSTATIONS (( 'ephakuros virescens Kunz.) 

This is a form of parasite which is prevalent in wet areas 
Symptoms and damatte 

The algal growth appears as a red excrescence on leaves and stems and, in serious 
infestations, can cover most of the main branches, resulting in a loss of tree vigour. 

Control 

Regular spraying, before and after the rainy season, with zineb or copper oxychloride can 
reduce the infestation 

LEAF SPOT (Phomopsis sp.) 

The cultivar 'Roengrean' is particularly sensitis'c to this disease 
Symptoms and d a mage 

Necrotic spots with yellow margins appear on the leaves, these spots later become 
brown. The lower, more mature leaves arc most likely to be infected 

Control 

Spraying with fungicides such as mancozeb 
BROWN PANICLE (Bolryiis and Clailos/Haiiim spp ) 

Symptoms an d damage 

The damage caused by these fungi most frequently occurs from flower bud initiation to 
anthesis. A grey mould covers the florets which turn brown. 

Control 

Spraying with metalaxyl, benalaxyl or similar flmgicide is recommended 

Orchard diseases which may also occur in some areas, but which are generally of minor 
importance, include: 

STEM CANKER {Dohhra nephclioe) 
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STEM DIE-BACK (Thyronevtria psmiJolrichia) 

Ophiocer as sp 

VIRUS CH LOROTIC RING SPOT 
POSTHARVEST DISEASES 

Many flingal species have been identified from infected rambutan fruits, including: 
Gliocephatolrichiim hiilhiliiim. HoiryoJiploJia Iheohromae, Cotlelolrichiim spp.. 
Peslalolia spp., Phomopsis spp., Aspergillus spp , /■'iisariimi spp and Rhizopus 
sioloiii/er. Of these, only the first three have been observed to cause serious economic 
damage, the remaining species are normally found only on decaying fruits. 

The spread of these diseases can normally be attributed to several factors, including 
inadequate fungicidal applications in the field which fail to control surface contaminants. 

Another source of infection is due to the fact that some fungi do not produce disease 
symptoms in the field, due to unfavourable environmental conditions. They may remain 
inactive in the fruit tissues, as sub-cuticular hyphae, and on the fruit surface and are 
considered to be examples of a 'latent infection'. Bruising, high temperatures and 
humidity are factors contributing to the spread of these diseases 

They gain entry to the fruit surface through injuries received during harvesting, storage, 
transport and marketing. This comment applies particularly to GliixeplMloincliiini 
hulhilium and Colleclolrichum spp. Postharvest treatments are inefTective and regular 
orchard spraying is therefore essential for their control. Spores and mycelia of these two 
fungi can be spread by wind and rain-splash, neither of these factors is affected by 
spraying or post-har\'est treatments (Visarathanonth and Hag, 1987), 

G liocep halnirkiiiim hulhilium 

Sym pto ms 

Light brown, water-soaked areas appear on the rind and in the pulp, normally in the 
vicinity of mechanically damaged tissue. These patches enlarge, becoming dark brown, 
and grey-brown mycelia may develop in the infected areas. Serious infection may result 
in the production of yellow-brown mycelia, with spores, on the fruit surface. 

Fr uit damage 

Fruits become brown and are unfit for consumption about eight days after infection; they 
eventually become black, dry and mummified (Visarathanonth and Hag, 1987) 

Prevention a n d control 

Spray trees and fruits at regular intervals from flower set to harvest with fungicides such 
as maneb or zineb Systemic fungicides are sometimes used. 
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TRUNK CANKER (Bolry(Hliplo<Jia Iheohromae Pat ) 
This is a serious disease in North Queensland, Australia 
Symptoms 


The cut or damaged peduncle stem is the main entry' point of the fungus In the early 
stages of growth, white, fluffy masses of mycelia develop, these later become dark A 
dark brown lesion develops on the skin surface and spreads over the whole fruit surface 
within four to five days Dark-coloured masses of hyphae may be produced on decaying 
fruits but no conidial development occurs. 



These are similar to those outlined for Ciliocephiiloirkivim hiilhilhiiii except that fungal 
spread is more restricted and no aerial hyphal growth develops, even on severely infected 
fruits 



Spraying trees and fruits at regular intervals from flower set to harvest with fungicides 
such as maneb, zineb, or benomyl 


PHYSIOLOGICAL DISORDLKS 


Relatively few records exist of the efTects, on both the growing tree and the developing 
fruit, of imbalances in both the organic and mineral status of the plant which can be 
attributed to physiological disorders. Such imbalances can contribute to a loss of vigour 
in the growing plant and also a loss in quality of the fruit. 
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I’liitc 26. Inllori-scfni'i- of cultivur K<m)>ri(.'n damutivd hv l.caf Blight. possihK dut 
to sun scorch 
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LE AF BLIGHT OR LEAF S CORCH 

This condition is generally attributed to a physiological disorder, possibly followed by 
secondary fungal infections on the leaves and inflorescences (Plate 26). 

Symptoms and damaue 

The leaves and flowers tend to dry and shrivel, particularly during the dry season when 
the air temperature is high and the relative humidity is low Suggested causes of this 
condition (Muchjajib, 1990) include: 

Soils with a high clay content which may have poor drainage properties 
Soils which are saline, also those which are deficient in potassium. 

A high level of fertilizer application combined with a low soil-water status. 

The application of toxic herbicides 
Flooding of orchards in the rainy season 
Disturbance of root activity by cultural operations. 


Control 

It is not at present clear w hether any one of these factors, or a combination of some of 
them, are responsible for Leaf Blight but suggested control measures include the 
following 

Addition of organic matter to aid soil water retention in sandy soils 
Improvement in the effectiveness of soil drainage in heavy soils 
Irrigation during dry periods 
Provision of shading or windbreaks in exposed areas. 

DEFICIENCY DISEASES 

These have been outlined in Chapter 7 


* Extremely ha/ardmis and highly hazardous pesticides (according to current WHO classifications) arc 
not recommended Moderately hazardous pesticides (including carbaryl. chlorpyriphos, dimcihoaic. 
formothion) should only be reconmtended where safe use can be guaranteed 
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Bag storage 1 1 1-1 12. LL2 
Basin irrigation 89 
Baskets and containers IIS-121 
Biennial bearing 1Q2 
Biochemical changes 102 
Biological control 126. L32 
Blue-striped nettlegrub 131 
Botanical characteristics 17 , 21 
names 16 
structure 12 
varieties 16 

Botanically related genera 16 
Botany 16 


Boliymliphclia iheohromae 140-141 
Boiiylis spp 135. 132 
Branch development 24-25 
layering 68 
structure 12 
Breeding barriers 33 
Breeding programmes 33 
Brown panicle 135. 1 39 
Bud development 24-25 
Bud dominance 24-25 
Budded seedlings 56 
Budded stocks, transplanting 52 
Budding 5^ 91 

modified Forked method 58-59 
patch 58 
periods 55 
shield 55, 51 
techniques 54 
Budwood preparation 55 
selection 54 
treatment 55 

Bulala (Mepheliimi philippeiise) 3 
Calcium deficiency ^ 82 
Canned fruit exports 10 
Canned fruits 8. 10. 14. 

Canning 125 

Carbohydrate/nitrogen ratio 24, 49, 87. 
91 , 22 

Carbon dioxide and storage 111. 112 
Carpophiliis JmiiJialiis 135 
( 'cirpophiliis marfiinellus 135 
Cartons 1 18-121 
Centres of origin 1=2 
Cephaleiiros vtresceiis 135. 132 
Chemical changes 104 
composition 1Q4 
dipping 112 
fertilizers 77-78. 85 
spray applications 22 
weed control 25 
Chilling injury 113 
Chromosome numbers 33 
Cincturing 62 

Chulosporium spp. 135. 1 39 
Cleft grafting 62. 65. 22 
Climate and production areas 5Q 
Climatic conditions 25 
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Climatic factors ^ 

factors affecting production 42 
Cling wrap 112 
Clonal material 3 
Clonal propagation 52 
Coccus spp. L2Q 
Cocoa pod borer 129, L12 
Coflelotrichiim spp. 135-136, 140-141 
Colour break 34. 102. 104. 113, 115. 
Commercial cultivation 5 
orchards 50. 70-71, 126 
production 5 
Common names 1 
Compost 25 
Compound fertilizers 82 
Couomorpha cramereUa 133 
Consumer demand 110 
Consumer preference LI 105. 114 
Contour planting 62 
Contour terraces 22 
Control methods 126 
Controlled atmosphere storage 1 10 
Controlled environment 1 1 2 
Cool stores 1 10, 112 
Cooling 121 
Copper deficiency 80 
CorUcium satmomcohr 135, 132 
Costa Rican cultivation 6 
Cover crop species 26 
Cover crops 95-96 

Crop improvement 33. 35 
Crop yields 102 

Cultivar characteristics LL 39. 43-46 
distribution I 
index 163 
names 15 

response to temperature 42 
selection criteria 35 
selection programmes 36 
trials 3 

Cultivars 16. 35 

Cultivars, fruit characteristics 13 
Cultivated forms 1 
Cultivations 22 
Cuttings 68. 

Cytogenetic studies 33 
Daciis dorsalis 130 
Daylength 50 
Deficiency diseases 143 


Deficiency symptoms 85 
Defoliation ^ 50 
Delayed fruiting treatments 20 
DichtKrocis pmictifera/is 134 
Disease control 25 
Diseases 126 
Distribution Ij 3 
Dolahra iicpheliae 1 35, 132 
Domestic use 14 
Drainage 5 1 , 69, 77. 88 
Dried fruits 125 
Drip irrigation 82. 8^ 82 
Diuliisa iiohilis 131 
Dwarfing rootstocks 54 
F.arly flowering 21 
Early fruiting treatments 20 
Ecology 42 

Economic importance 5 
Endogenous hormones 24 
Enzy'matic browning 113 
Estimated yields 102 
Ethephon 91-94. 22 
Ethylene production 1 14-1 1 5 
Ethylene synthesis 24 
Etiolation layering 54. 66-68 
Eiihlemmu versicolor 131 
Export markets 1 10, 121 
potential 10 
standards 1 12 
statistics 8 
Exports 28 

fresh fruits 8. 10 
Malaysia 8 

processed fruits 8. 10 
Thailand 8 

Female functional flowers 23 
Fertilization 30-31. 71. 99 
Fertilizer 22 

application 72. 77-78. 82-84, 82 
application, Malaysia 78. 85 
application, Philippines 86 
application, Thailand 83-84. &S 
application, timing 84. 86 
band placement 84 
broadcasting 84 
foliar application 85 
placement 84. 85 
programme 28 
regimes 22 
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Fertilizer requirements 22 
treatments 24 
use 77j 92 
Fertilizers 23 

Fertilizers, rates of application 
Fibre-board cartons 120-121 
Flood irrigation 8S 
Floral development 2^ S2 
Flower abortion 22 
bud initiation 2i 
characteristics 21 
development 26-27, 48, SS 
drop 23 
induction 2J 

initiation 2^ 48-4d. 11. 87-91. 22 
structure 21-23 
Flower-eating caterpillar 131 
Flowering 99-100. 

and fruiting periods in tropical areas 
UU 

behaviour 2^ 2^ 22 
inhibitors 48 
periods 2^ 26, 99, 102 
season 26 
sequence 2<J 
stimulus 23 
Flying foxes 1 32 
Foliar sprays 82. 85. 90. 
l-omes ligiio.'iii.'i 135. 137 
Forkert buddinjj rif>-6 1 
Fresh fiuit exports LQ 
components 12 
mineral content 12 
vitamin content 12 
Fresh fruits 14, 98^ U2 
Fruit analysis IJ 
appearance 99, 1 13. 
bats 132 
borer 134 
browning 112 

characteristics U, 3^ 52, 104 
coatings 112 

colour 23, 30-31. 50, 91-94. 98-99. 
102^103 
colour 21 
components 1 1-12 
containers 122-123 
cracking 90, 9S. 
damage 1 17. 1 18, 121 


Fruit deterioration III. LIZ 

development 30, 33, 49, 8^ ^ 91. 

98-100 

drop 93, 22 

exports 1 18. 124 

flavour 111. 113. LLZ 

grading 114 

growth 30. 32. 34 

maturity 3J, IPS. 113. 

maturity, physical characteristics 102 

nutrient content 28 

processing 14, 

production 23 

quality ^ 5^ ^ 78, 8^ 90, 94, 
98-99, 110. 112-113. 117. 124 
quality assessment 101 
respiration rate 114 
ripening 12-13. 93. 102 
ripening guide 106 
rot 135-1.36 

setting 2^ 29, 88. 91. 23 

shape ^ 31, 116 

size 23, 30-31. 78. 94, 99, 102 

skin characteristics 15 

skin colour 102 

storage IIP. 113. LLZ 

storage life 112 

storage, chemical treatments 1 12 

structure 22-23 

weighing 122 

weight 23, 30-33. 94. 102 

wrapping 1 14 

yield 5^ 102 

Fruit-piercing moth 131-132 

Fruit-spotting bug 132 

Fruiting behaviour 24, 22 
periods 22 

seasons, .Australia 100 
seasons, Indonesia 100 
seasons, Malaysia 100 
seasons, Puerto Rico 101 
seasons, Thailand 100 
stimulus 24 

Fruits, biochemical changes 102. 1 13 
changes in composition 12 
chemical composition M, 13 
chemical dipping 1 13. 121. 124 
dry matter content 13 
drying 125 
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Fruits, total starch content U 
pH levels 13. 102. U3. 
postharvest treatments L24 
pre-treatment L2J 
titratable acidity 12. 82, 104. 113 
total soluble solids 12, 82, 102. UM 
total sugar content 12-1.3 
I-'iisariiim spp. 14Q 
Future production prospects 111 
Genetic diversity 13 
erosion 15 
resources IS 
variability 12 
Genetics 1^ 13 
Geographical distribution 2 
Germination percentage 52 
Germplasm collections 15 
Giant bug 112 
Gibberellic acid 91-94, 124 
Girdling 6& 

Gliocephalolrichmn hiilhiliiim 14D 
Gold-dust weevil 127. 122 
Gootee layering !il 
Grading 116-117 
equipment 116 
standards 116-117 
Grafting 52 
Grafting techniques 59 
Granular fertilizers 82-84 
Green weevil 127, 129 
Growth inhibitors 21 
promoting chemicals 6S 
regulating substances 91-93 
Handling 12Q 
Harrowing 22 

Harvesting 75, 11. 98. 100. 101. 104 
Australia 12Z 
criteria 101-105 
dates lOL UH 
delayed 102 
equipment 105, 12S 
frequency 105 
Indonesia 102 
intervals 105 
Malaysia 102 
methods 105 

periods 101-102 104-105 
schedules 105 
techniques 104, 102 


Herbicides 25 

Hermaphrodite flowers 21-23, 26-30 
Hermaphrodite trees 21 
High density planting 21 
High-yielding cultivars 10 
Home gardens 6. 50. 69, 77. 83. 95. 
12fi“ 

Hormone balance 82 
inhibitors 100 
levels 4S 

Humidity 49, 51. 95. 22 
Hyi>omece.s squamosus 127, 122 
Identification keys 10 
Imports, fresh fruits 8 
Index of cultivars 103 
Indian introductions 5 
Indole butyric acid 64 
Indonesia, centres of production 6 
cultivars 3, 41 
production areas 5J 
Inflorescence 20-2 1 , 24=26 
Insect infestation 22 
pests 126 
pollination 30 
Insect pollinators 88 
Integrated pest management 120 
Intercropping 20 
Interplanting 11 
Interspecific hybrids 15 
Iron deficiency 5 1 , 79, 82 
Irradiation 124 

Irrigation 47-48. 69-70. 74. 77. 99 
and flower initiation 48 
and fruit development 42 
application 88-90 
distribution 88 
facilities 22 
frequency 87-88 
levels 87-90 

practices, Thailand 89-90 
requirements 82 
scliedulcs 4^ 88 
systems 72-73, 88 
techniques 77, 80 
Labour availability 20 
Land preparation 22 
Layer bed production 66 
Layering 52 
Leaf analysis 51, 7^ 82 
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Leaf beetles 02 
blight 147-I45 
burn 5 1 

characteristics LZ 
chloride levels 51 
chlorosis 5X, 22 
damage TA 
distortion 82 

growth and development d2 
mineral content 22 
necrosis ^ 5^ 78-80, 82 
scorch 142 
size 21 
spot L22 

structure 17, 20-21 
Leaf-eater 142 
Leaf-eating caterpillar 144 
Leaf-eating looper 126-127 
Levels of production 5 
Light and fruit colour 28 
List of cultivars L64 
Local markets 121 
Local names 1 

Low temperature storage 1 1 2- 1 1 .2 
Low temperatures 5 1 
Magnesium deficiency 72-7.2. S0.R'> 
Major weed species 24 
Malaysia, cultivars 
cultivation 5 
early cultivation 3 
exports 8 

production areas 5^ 2 
Malaysian clones 3 
Male flowers ^ 23, 26-27. 22 
Male trees XL 29, 71. 97 
Management systems 22 
Mango twig borer 142 
Manual harvesting 105 
Marcotting 63-64 
Marginal areas 62-70 
Market presentation 116 
Marketing 1^ UI 
Marketing systems 12 
Maturity assessment 105 
Maturity indices LOi 
Mealy bua 128. 130. 134. L38 
Mechanical weed control methods 25 
Mechanized harvesting 105 
Medicinal uses 15 


Meliola iiephelii 135. 142 
Microjet sprinklers 82 
Mini-sprinklers 82 
Mist propagation 68 
Mites 130 

Mixed planting 5, 6 
Modified atmosphere storage 111-112 
Modified Forkert budding 58 
Modified leader system 25 
Moisture loss 1 1 1 
Moisture stress 114 
Monocropping iAi 
Mulches 87, 94-95. 

Mulching 

Naphthalene acetic acid 30, ^ 9 1 -94. 
22 

Nectar 30 
secretion 21 
volume 21 
Nectaries IL 23 
Nematodes 126 
Neosauropus ahcnms 142 
Nepheliiim species 1 
Niphoiinclea alhiUa 142 
NiphoiHKlea capita 142 
Nitrogen deficiency 80 
Nitrogenous fertilizers 80 
Nomenclature and taxonomy 16 
Non-climacteric fruit 1 14 

Non-pathogenic disorders 1 2r< 

Nutrient deficiencies 78-82. 85. 
Nutritional levels 100 
requirements 22 
tests 14 
value 5. 10. 14. 

Occurrence 1 

Oecophylla smaragdina 132 
Oidiiim nepheli 135 
Open pollination 22 
Ophioceras sp. 135 
Orchard diseases 145 
establishment 62 
layout 20. 11 

management 10, 24, 7^ 126 
pests 126 
rehabilitation 22 
Organic manures 77-78. S3 
material 28 
matter 23 
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Organic mulch 51 
Oriental fruit fly Ufl 
Origin 1 

Oihreis fulUmia Oi 
Oxyodes scrohicukita 126, 127 
Packaging 1 12. 1 17. L22 
and transport LL& 
materials 1 12. 1 IS 
methods L2J 
Paclobutrazol 91-94 
Parasa lepida Lll 
Patch budding 57-58 
Perennial weeds 25 
Period to fruiting 22 
Pest control 7^ 126, 

Peslalnlia spp. 14Q 
Pesticides 99^ 126 
pH level 7^ 78, &2 
pH range 5 1 

Philippines, cultivars 41-41 
distribution 3 
early cultivation 3 
future prospects 12 
introductions 3, 5 
Philippines, production areas ^ 9 
Phomopsis spp. 135. 119-140 
Phosphorus deficiency 8D 
Photoperiod 50 
Physiological changes 1 lO-l 12 
disorders 141 
reactions ilQ 
Physiology 1^ 23 
Phytophthora bolryosa 115-1 16 
Phylophihora nicoliaiiae var 
parasitica 135. L36 
Pink disease 135. 137 
Plaiiococciis cilri 130. 134 
Planococcus lilacimis 130, 1 14 
Plant density 20 
growth 21 

growth regulators 30, 93-94. 22 
supports 24 
Planting 24 
density 21 
distances 70-71 
operations 23 
periods 23 
systems 70-71 
techniques 23 


Plastic bag storage 1 10 
Pollen 29-30. 35, 23 
grain development 20 
grains 27-29 

Pollination 29-30. 71.90-93 
Posthar\'est deterioration of fruits 1 12 
handling 10 
losses 1 1 1 
operations 98. 114. 
pests 133 
quality 112 
storage 110 
techniques 10 
technology 98, 1 10. 

Potassium and fruit development 99 
Potassium deficiency 22 
Powdery mildew 99, 135, 

Pre-harvest factors affecting quality 2& 
Precipitation levels 48 
Processed fruit e.xports LO 
14. 98. 110. 125 
rambutan products 8 
Processing 114 
Processing requirements 14 
Producing regions 100 
Production areas 107-1 10 
Propagation 52 
by budding 54 
by cuttings 68 
by grafting 54 
by seed 52 
methods 52 
Protein hydrolysis 42 
Pruning ^ 75-77. 86 
PseiidiKvrcos/xtra nephelii 135. 1 38 
Ptcropus coiispicillaliis 132 
Pulasan 1^ IS. 35 
Radiation levels 124 
Radiation preservation 124 
Rainfall 42. 98 
and flowering 48 
and \ egetative growth 48 
distribution 48 
levels 48 

Rambutan Stink Bug 126 
Rambutan wood 14 
Recommended clones, Malaysia 36 
Rectangular planting 21 
Red mites 138 
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Red tree ant L22 
Regenerative pruning 26 
Regional production 102 
Related genera L6 
Related species 16-17 
Replanting 10, 22 
Reproductive development 2d. 
Respiratory activity 1 Id 
Rhizopus slolonifer IdO 
RhyporiJa spp 112 
RigiJofx>rus li^nosii.s 111 
Rind characters 3 1 
Ripening, non-uniform IM 
Road transport 118 
Root competition 26 
damage 7.'>-74 
development 88 
disturbance 8d 
growth 88 

pruning, rootstocks S3 
structure 12 
system [7, 74, 88 
Rooting media 64 
Rootstock propagation 54 
seedlings 53, 52 
selection 54 
Rootstocks 3^ 52-54 
Salinity 7^ 88 
Salt accumulation 82 
Sap beetles US 
Sapindaceae 1. 16. 17. 31 
Sarcotesta 23 
Scale insects 128, 110 
Scales 118 
Seed analysis 10-1 1 
characteristics 22 
development 33-34 
drying 125 

germination 52-53. 125 
kernel 14 

moisture content 52 
protein 1 1 
size 23 
sowing S3 
storage L25 
structure 2}^ 125 
viability 52, 125 
weights 33, 102 
Seedling development 2^ S3 


Seedling fertilizer treatments 51 
growth 54 
media 55 
rootstocks 51 
selection 3 
transplanting 53-54 
variability 52 
vigour 51 
Seeds 10 

Seeds, fat content 14 
Selection L 3 
Selection programmes 44 
Selective harvesting LQ4 
Self-pollination 22 
Serrodes uim/Hina 112 
Shading 24 

Shelf-life lUklU, UI 
Shield budding 55-57 
Shoot borer 114 
Shoot development 26 
Singapore production 6 
cultivars 44 
imports 8 

Site preparation 22 
Site selection ^ 22 
Skin browning 1 13 
Skin cracking ^ 22 
Sloping land 5i, 69-72, 95 
Slow-release fertilizers 82 
Small-holder production 5 
Soil analysis ]2^ 28 
conditions 62 
conservation 62 
cultivation 22 
drainage 51 
erosion ^ 26 
fertility 77, 22 
moisture SJ, ^ 74, 22 
moisture conservation ^ 24 
moisture stress 86 
nitrogen 42 
nutrient removal 85 
pH 77 

preparation 22 
profiles 62 
requirements 5D 
samples 22 
structure 62 
temperature 92 
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Soil types 6Q-S 1 
water 95^ 26 
Soil/water factors SS 
Soluble fertilizers 82, S6 
Sooty mould 135. 137 
Sorting 116 

South-east Asian cultivars 46 
South-east Asian introductions 5 
Sowing techniques il 
Species range 1 
Spintern characteristics 43 
colour 31, 13 
length 3 1 

Spintcms 23, 30, 49-50, 99. 102. 110- 
113. Hi 

Spliced approach grafting 61 
Sprinkler irrigation 82 
Square planting 70-71 
Staking 24 

Stamen development 93 
Stem canker 135. 137. 139 
cuttings 68 
die-back 135. L4Q 
Stock-scion relationships 54 
Storage 110-114. 117. 124 
characteristics 1£U 
deterioration 1 14 
life 111-112. L24 
periods 113 

temperatures 111-113 1 17 
Subsoiling 22 
Suckle grafting 61 
Sun scorch 142 

Synthetic growth substances 63 
Systemic herbicides 25 
Temperature 47. 98-100. 110 
range 42 
variation 47-4R 
Terrace construction 22 
Tessaratoma loiigicoriie 1 32 
Tessaraloma javanica 126 
Thailand, cultivars 40 
exports 8, 10 
introductions 3 
levels of production 6 
producing areas 2 
production 5^ 
selections 3 
Thripx spp. 122 


Thyronectria pseudotrichia 135. 132 
Tissue culture 52, 68 
Telraiiychii.s cinnahannii.s 130 
Titratable acids 82, 104. 113 
Tongued approach grafting 61 
T opography 62 
Top working 22 

Total soluble solids 82, 102-104. 112. 
113 

Trace element deficiencies 22 
Trace elements 78-79 
Training 69, 25 
Transplanting 73-74 
budded stocks 52 
check 24 
Transport 10 
Transport by road 121 
Tree canopy width 12 
growth pattern 24-25 
growth rate 20 
habit 17, 12 
rejuvenation 26 
row alignment 20 
shape 17, 25 
size 12 

vigour 17. 75, 82 
Trunk canker 141 
Uses 5, 14 

Vacuum packaging 112 
Vegetative flushes 26 
growth 23-24. 47, 51, 82 
growth rate 42 
propagation 54 
Vein necrosis 135, 138 
Viability preservation 52 
Virus chlorotic ring spot 135. 140 
Water availability 28 
loss 1 1 1 
quality 20 
requirements 87-88 
sprouts 25 

stress 48-49. ^ 79, 87, 90-91. 25 
stress and flowering 48 
table level 5 1 
Watering 24 
Wax coatings 112-114 
Wedge grafting 61 
Weed control 94-95 
Weed growth 22 
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Weight loss 110, 112. 114. 117. m 
West African introductions 3 
Wild forms 3 

Wild Nephehum species 3JS 
Wind 50, 24 

Wind damage 50-5 1 . 74-75 
protection 50, 74. 25 
Windbreaks 50, 69. 74, 95-96 
Wooden containers 121 
Xanihomonas nephetiae 135. 1 38 
Yield decline 26 
estimates LQ9 
levels 1112 
reduction 82 
stimulation 24 
variation 102 
Yields m2 

Yields, main producing countries 1 09- 
UIl 

Zinc deficiency 51, 80 
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CULTIVAR INDEX 


Aceh 6B 41 
Aceh Gading 41 
Aceh Gedong 41 
Aceh Gendut 4J 
Aceh Gundul 41 
Aceh Kuning 4J 
Aceh Padang41 
Aceh Rapiah 4J 
Ah Kow Cheng 44 
Alindog 43 
Atjeh Kering 4 1 
Babat 6& 

Bangyeekan 40, 4^ 124. 

Biji41 

Binjai 13, 41 .45. 46. .SO. 59. 68. 103. 
104 

Bituin 43 
Dalisay 43 
Diwata 43 
Gading 42 
Gula Batu 41 
Hew 42 

Jit Lee (Deli) 44, 45 
Jitlee 13, 46. K!3 
Kim San Cheng 44 
Lebakbulus 13.41.46. 59. 103. 104 
Maharlika 3, H, 43, ^ 103-105. 107. 
UO 

Malwana 44 
Manis 43 
Marikit 43 
Marilag 43 
Padang Bulan 41 
Pao Pao 41 
Paraluman 43 

R3 (Gula Batu) 11. 13.46. 103. 104 

R3 (Peng Thing Cheng) 36, 33 

R4 10, 11.49. 50 

R7 10. 49, SO 

R9 45,^SQ 

R37 44 

R99 49, SO 

R134 11, 36, 38, 39. 45-47. 103. 104 
R1 56 (Muar Gading) LL 36, 37. 45.46. 
103 

R160 (Khaw Tow Bak) 36. 39, 40 
R161 (Lee Long) 36, 39. 46 


R162 (Ong Heok or Daun Hijau) 13. 

36, 38, 40. 46, 103 
RI63 40 
R165£^50 
R167 45 
R168 U 
R169 10 

R170 (Deli Cheng) 36. ^ 50 
Rapiah 13,41.46. SO. 59. 103. 104 
Rongrien 13,39.40.45,46,49, 50, 75, 
90, 103, lOi 113-117, 124 
S.K.W.L. 41 

Seechompoo U, 13, 29, 31, 33, 40, 46. 
50. 90. 103. 104. 112. 113. 115. 

120. L24 

Seematjaan, Simacan 41 
Seematjan 3, 12, 13, 43.46. 103. 104. 

IPS. 106. 1 14. LLS 
Seenjonja 3, 13, 43, 46, 103-106 
Seetong 41 
Seetongchoke 4 1 
Silengkeng 41, 45 
Simacan (Indonesia) 40 
Simacan (Seematjaan) 41 
Simatjan 54 
Sinjonja 54 

Sinyonya (Seenjonja) 41 
Sinyonya 59, 01 
Sitangkoe 54 
Sitangkue 41, 59. 61 
Srichompoo 40 
Stephens 1 1 1 
Winkel 1 1 
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This is a technicai manuai in the series prepared by the Horticuitural Crops 
Group on the cultivation ol promising minor tropical truit crops. The text 
deals first with the botanical, physiological and genetic characteristics ol 
rambutan (Nephelium lappacpum U) and with its ecology, then presents 
technical guidelines for propagation and for cultivation ol the crop in 
suitable environments. This work presents an updated review of the state of 
knowledge on this species which may be equally useful to the researcher, 
the horticultural technician and the farmer. 
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